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Abstract 
 
How Childhood Obesity Predicts Academic Achievement: A Longitudinal Study 
 
by 
 
Rachel L. Manes 
 
 
Adviser: Tracey A. Revenson, Ph.D. 
 
Improvements in academic achievement have been linked to childhood obesity indices such as 
greater physical activity (PA) and lower Body Mass Index (BMI).  Yet, little is known about the 
mechanisms through which childhood obesity indices predict academic achievement.  The 
present study tested whether the influence of PA and BMI on academic achievement is mediated 
by several cognitive and emotional processes that have been shown in past studies to have 
independent effects: executive functioning, concentration, and internalizing symptoms.  This 
study also tested the antecedent role of SES on indices of childhood obesity and academic 
achievement.  Data from the 1991-2007 National Institute of Child Health and Human 
Development Study of Early Child Care and Youth Development were used to analyze a sample 
of over 1000 U.S. children from ages 9 to 15. Path model parameters were estimated using 
Linear Mixed Models.  The hypothesized meditational model was supported by childhood 
obesity indices predicting both reading and math achievement through cognitive processes 
(executive functioning and concentration) but not emotional processes (internalizing symptoms).  
Specifically, greater PA led to lower BMI which, in turn, predicted higher executive functioning 
performance, higher concentration levels, and then improved academic achievement in reading 
and math from ages 9 to 15.  The results of this study may inform the development of school-
based interventions and policy approaches to prevent childhood obesity.   
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Introduction 
 During the last 12 months, childhood obesity has been the focus of more than 300 New 
York Times articles alone which both underlines the importance of this health problem and 
makes it easy to become desensitized to the statistics.  However, the shocking figures cannot be 
ignored: The Centers for Disease Control (CDC) concludes that the prevalence of obesity among 
children and adolescents in the United States has tripled since 1980 (Ogden, Carroll, Curtin, 
Lamb, & Flegal, 2010).  Despite a recent stabilization in the upward trend for U.S. youth (CDC, 
2013; Ogden, Carroll, Kit, & Flegal, 2014; Robert Wood Johnson Foundation, 2012), childhood 
obesity remains a significant public health issue.  Seventeen percent of children ages 2 to 19 are 
overweight or obese (Ogden et al., 2014).  The rates are even higher among low-income families 
and certain ethnic groups such as Hispanic males and Black females indicating that significant 
and increasing disparities exist by socio-economic indicators (Singh, Siahpush, & Kogan, 
2010b).     
 Thanks to a push by First Lady Michelle Obama, these childhood obesity statistics are 
now part of the national conversation.  On February 9, 2010, Michelle Obama announced an 
ambitious national goal of solving the challenge of childhood obesity within a generation so that 
today’s youth will reach adulthood at a healthy weight.  With Cabinet members, athletes, 
educators, and students standing behind her, she unveiled a nationwide campaign – Let’s Move – 
to help achieve this goal.  “Let’s Move,” she announced, “is comprehensive, collaborative, and 
community-oriented and will include strategies to address the various factors that lead to 
childhood obesity (February 9, 2010).”  More recently, Michelle Obama introduced a new facet 
of the campaign called Let’s Move! Active Schools.  This initiative is designed to put physical 
activity back into the school day during a time when physical education and recess periods are 
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being eliminated in order to make more time for academic instruction.  
 The rise in obesity among U.S. youth (defined as children aged 5-18) has also received 
considerable scholarly attention over the past decade.  Research has identified a number of 
factors that predict childhood obesity including diet, physical activity, and sedentary behavior.  
In order to address the factors in a systematic way that will guide the design of intervention 
programs aimed at child weight loss or prevention of child weight gain, the Let’s Move 
campaign, and efforts like it, will need to move beyond description toward explanation.  That is, 
we need to conduct research that will identify how childhood obesity leads to numerous health 
(e.g., asthma, diabetes, Must & Strauss, 1999), sleep (Snell, Adam, & Duncan, 2007), social-
emotional (Puhl & Latner, 2007; Sgrenci & Faith, 2011), and academic problems (Falkner et al., 
2001). 
 Although much of the medical and behavioral medicine research examines how 
childhood obesity affects physical health and medical outcomes, childhood obesity and its 
correlates also have been associated with other outcomes including emotional well-being and 
academic achievement.  This dissertation focuses on academic achievement.  Improvements in 
academic achievement have been linked to two indices of childhood obesity: greater physical 
activity (PA; CDC, 2010a) and lower body mass index (BMI; Datar & Sturm, 2004; 2006; Datar, 
Sturm, & Magnabosco, 2004).  Yet, little is known about the mechanisms through which 
childhood obesity indices predict academic achievement.  These mechanisms include executive 
functioning (higher order cognitive functions), concentration (an aspect of executive 
functioning), and internalizing symptoms (low self-esteem, depressed mood, loneliness, anxiety, 
and social withdrawal).  For example, greater engagement in PA has been associated with higher 
executive functioning (Riggs, Huh, Chou, Spruijt-Metz, & Pentz, 2012) and math achievement 
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(Davis & Cooper, 2011) in separate studies.  Daily PA engagement is associated with student 
concentration (Mahar et al., 2006; Taras, 2005), an aspect of executive functioning (Best, 2010), 
across all grades (Trost, 2009).  As another example, internalizing behaviors have been shown to 
mediate the relationship between BMI and math achievement (Gable, Krull, & Chang, 2012).  
Based on a review of randomized control trials, aerobic physical activity is positively associated 
with cognition, psychosocial outcomes, and academic achievement (Lees & Hopkins, 2013). 
The present study will test whether the influence of PA and BMI on academic 
achievement is mediated by several cognitive and emotional processes that have been shown in 
past studies to have independent effects: executive functioning, concentration, and internalizing 
symptoms.  Moreover, this study will test the antecedent role of SES on indices of childhood 
obesity and academic achievement.  Socioeconomic status has been associated with a wide array 
of health and cognitive outcomes with effects beginning prior to birth and continuing into 
adulthood (Chen, Martin, & Matthews, 2006b; Chen & Miller, 2013; Miller, Chen, & Cole, 
2009).  Children from low SES backgrounds are not only more likely to be overweight or obese 
and less physically active (Kimbro & Denney, 2012; Ogden et al., 2010) but also to 
underperform academically in comparison to their higher SES counterparts (Bradley & Corwyn, 
2002).  Reading and math achievement during childhood (Ritchie & Bates, 2013) and overall 
educational attainment (Braveman, Egerter, & Williams, 2011) have also been shown to predict 
SES in adulthood.  Therefore, the relationship between childhood obesity and academic 
achievement may have implications for later SES and diminished opportunities for advancement. 
This study is innovative in several ways.  First, longitudinal data will be employed.  
Second, multiple mediators will be examined together.  The longitudinal analysis of multiple 
mediators will provide data on how indices of childhood obesity predict levels of academic 
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achievement from middle childhood to early adolescence.   
Third, engagement in physical activity will be measured both inside and outside the 
school setting.  A limitation of most studies examining the relationship between PA engagement 
and academic achievement is that they have employed measures of school-based PA engagement 
only (CDC, 2010a).  Regular opportunities for PA engagement across many different settings 
have the potential to provide health and academic benefits.  The present study accounts for the 
full range of physical activities inside and outside of school that might predict academic 
achievement.   
Fourth, the degree to which negative emotions associated with childhood overweight 
status impact achievement will be examined.  Overweight children self-report lower self-esteem 
than non-overweight children (e.g., Pierce & Wardle, 1997) but evidence regarding the role of 
internalizing symptoms as a mediator between BMI and achievement is minimal.   
Fifth, this study extends work on obesity and achievement beyond middle childhood to 
adolescence.  Researchers have suggested that efforts designed to promote academic success 
among adolescents may also reduce health-risk behaviors, such as physical inactivity (Hawkins, 
1997), that contribute to the leading causes of death, disability, and social problems (CDC, 
2010b).  However, the directionality of the relationship between adolescent obesity and 
achievement is not well understood.  
Finally, previous research has not elucidated how SES might act as an antecedent that 
predicts academic achievement through multiple mediators.  Research to date has been limited to 
demonstrating that the relationship between greater youth fitness and better academic 
achievement exists after controlling for SES (Basch, 2011; Cottrell, Northrup, & Wittberg, 2007; 
Roberts, Freed, & McCarthy, 2010).  
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Thus, the present study will test a complex mediational model (Figure 1) to determine 
whether higher SES predicts better academic achievement through greater PA engagement and 
lower BMI, which subsequently increase executive functioning and concentration as well as 
reduce internalizing symptoms.  The specific aims of this dissertation that link explicitly to 
Figure 1 are:  
1.  To determine the relationship between childhood obesity (PA and BMI) on academic 
achievement from middle childhood through early adolescence;  
2.  To examine the degree to which cognitive and emotional processes (i.e., executive 
functioning, concentration, internalizing symptoms) uniquely and jointly mediate the relationship 
between childhood obesity indices and academic achievement; 
3.  To test the antecedent role of SES in predicting childhood obesity and the mediating 
variables.    
 Figure 1 was used to guide the literature review.  The direct relationship between 
childhood obesity, indexed by physical activity (path f) and body mass index (path g), and 
academic achievement is assessed.  Then, the extent to which cognitive processes involving 
executive functioning (paths d1 and b1) and concentration (paths d2 and b2) plus emotional 
processes involving internalizing symptoms (paths e and c) mediate this relationship is 
examined.  Finally, the influence of socioeconomic status on childhood obesity indices, physical 
activity (path a1) and body mass index (path a2), is addressed.  
Significance and Impact 
 
  Obesity has reached epidemic proportions in the United States.  Two-thirds of U.S. adults 
are overweight and one-third are obese (Flegal, Carroll, Ogden, & Curtin, 2010) and U.S. obesity 
rates have escalated rapidly in the last 20 years (Ogden, Carroll, Kit, & Flegal, 2012).  Obesity is 
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now the second leading cause of the death in the United States—just behind smoking—and is 
expected to become the leading cause within the next decade (Mokdad, Marks, Stroup, & 
Gerberding, 2004). 
 Unless the obesity epidemic is successfully addressed, life expectancy will decline in the 
United States with children having shorter life expectancies than their parents (Peeters et al., 
2003).  Childhood obesity rates in the U.S. are highest for African-American adolescent females 
(29%) and Hispanic adolescent males (27%) who come from low SES backgrounds (Ogden et 
al., 2010).  Obese children often grow up to become obese adults (Magarey, Daniels, Boulton, & 
Cockington, 2003), thus connecting childhood obesity to mortality and morbidity in adulthood 
(Reilly et al., 2003). 
 This study could inform the design of interventions to prevent childhood obesity at 
several levels of analysis: the developing child, the school environment, and public policy 
(Davison & Birch, 2001).  Obese children as young as 5 through 9 years old increasingly express 
internalizing symptoms (Gable, Krull, & Chang, 2009).  Since emotionally distressed children 
are likely to score lower on measures of academic achievement (Schwartz, Gorman, Nakamoto, 
& Toblin, 2005), this study could provide evidence indicating that interventions designed to 
prevent childhood obesity while reducing internalizing symptoms may improve academic 
achievement.  Because children spend more time at school than anywhere else except home 
(Hofferth, 1996), the school is an important setting for the implementation of intervention 
programs designed to prevent childhood obesity (Institute of Medicine, 2012a).  According to the 
authors of an American Academy of Pediatrics policy statement (American Academy of 
Pediatrics, 2013), minimizing or eliminating recess can negatively affect academic achievement, 
as growing evidence links recess to improved physical health, social skills, and cognitive 
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development.  The implication presented here is that PA may promote not only quality of life in 
children (Shoup, Gattshall, Dandamudi, & Estabrooks, 2008) in addition to longevity of life 
(Moore et al., 2012) but also strengthen children’s academic resources.  Therefore, the public 
policy impact of this study is significant in that if schools continue to eliminate recess and other 
forms of PA because of budget cuts (Story, Kaphingst, & French, 2006), opportunities to 
improve children’s academic achievement and long-term health may be missed.   
 Using the best-evidence synthesis technique (Slavin, 1995), a systematic review of 10 
observational and 4 intervention studies revealed a significant positive longitudinal relationship 
between PA and academic achievement among 6-18 year olds (Singh, Uijtdewilligen, Twisk, 
Mechelen, & Chinapaw, 2012).  The present study may confirm these findings among 9-15 year 
olds and provide new knowledge regarding how PA and academic achievement are interrelated.  
Armed with that knowledge, schools could conceptualize their physical education, recess, and 
sports programs to be a form of preventive medicine, comparing these program costs to the cost 
of treating diabetes and obesity (CDC, 2005).  
Innovation  
 
 Childhood overweight (BMI) has been associated with poor academic achievement in a 
number of studies (Castelli, Hillman, Buck, & Erwin, 2007; Cottrell et al., 2007; Crosnoe & 
Muller, 2004; Falkner et al., 2001; Florin, Shults, & Stettler, 2011; Krukowski et al., 2009; 
Roberts et al., 2010; Shore et al., 2008; Taras & Potts-Datema, 2005).  Similarly, PA in school-
aged children has been associated with academic achievement (Bartholomew & Jowers, 2011; 
Carlson et al., 2008; Coe, Pivarnik, Womack, Reeves, & Malina, 2006; Donnelly et al., 2009; 
Edwards, Mauch, & Winkelman, 2011; Eitle, 2005; Eitle & Eitle, 2002; Field, Diego, & Sanders, 
2001; Fox, Barr-Anderson, Neumark-Sztainer, & Wall, 2010; Hillman et al., 2009; Miller, 
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Melnick, Barnes, Farrell, & Sabo, 2005; Nelson & Gordon-Larsen, 2006; Reed et al., 2010; 
Tremarche, Robinson, & Graham, 2007) and improvement in math achievement among 
overweight youth (Davis et al., 2011).  However, the main conclusion to be drawn from this 
literature is that PA engagement does not impair academic achievement even when it takes away 
classroom time (Dwyer, Coonan, Leitch, Hetzel, & Baghurst, 1983; Sallis et al., 1999; Shephard 
et al., 1984).   
 The present study involves a novel approach by examining whether one pathway through 
which childhood obesity affects academic achievement from middle childhood to early 
adolescence is through cognitive and emotional processes.  Although some of these processes 
have been examined individually, this study will examine their joint influence.  And, although 
some of these relations are assumed (e.g., improvements in concentration have been suggested to 
explain improvements in academic achievement, Chaddock, Pontifex, Hillman, & Kramer, 2011) 
or have been shown in bivariate analyses (e.g., PA engagement has been linked to executive 
functioning in a number of academic domains, Best, Miller, & Jones, 2009), this study will be 
the first to examine the degree to which increased executive functioning and increased 
concentration predict better reading and math achievement over time as a consequence of greater 
PA engagement (in-and-out-of school physical activities).  And although greater internalizing 
symptoms have been shown to mediate the relationship between childhood overweight status and 
poor math achievement among 5 through 11-year olds (Gable et al., 2012), this study will be the 
first to examine this relationship in early adolescents’ math and reading scores.   
Normal Patterns of Development in Youth 
 Across middle childhood and early adolescence there are expected patterns and trends in 
the variables under investigation that qualify as normal development.  Body weight increases 
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linearly during childhood but BMI declines from infancy to about 5-6 years of age and then 
increases linearly with age through childhood and adolescence.  Gender differences in BMI are 
small during early childhood and are established starting in adolescence with the onset of puberty 
(Malina, 1999).  As adolescence and puberty begin, growth rates increase first in height and then 
in weight, leading to increased BMI.  It is also important to note that there is considerable 
variation between when pubertal events occur and the rate at which children pass through them 
because height and weight growth spurts occur at different times (Malina, Bouchard, & Bar-Or, 
2004). 
 The trend of declining physical activity levels from childhood through adolescence has 
been well established (Kim & Lee, 2009; McMurray, Harrell, Bangdiwala, & Hu, 2003; Nader, 
Bradley, Houts, McRitchie, & O'Brien, 2008).  Although males are more active than females 
during childhood (Riddoch et al., 2004; Troiano et al., 2008; Trost et al., 2002), their rate of 
decrease in PA is the same (Nader et al., 2008).  The vast majority of adolescents do not achieve 
five or more bouts of moderate PA per week (Gordon-Larsen, Nelson, & Popkin, 2004) resulting 
in a marked reduction in activity over the adolescent years (Riddoch et al., 2004).  For example, 
42% of 6-11 year old children obtain the recommended 60 minutes of daily PA but only 8% of 
adolescents achieve this goal (Troiano et al., 2008).  Moreover, adolescents experience 
longitudinal decreases in moderate to vigorous PA coupled with increases in leisure-time 
computer use (Nelson, Neumark-Stzainer, Hannan, Sirard, & Story, 2006). 
  Rates of internalizing symptoms are relatively low in childhood but increase in 
adolescence, affecting between 2-8% of the adolescent population (Zahn–Waxler, Klimes–
Dougan, & Slattery, 2000).  The chance of children having a bout of depression prior to 
adolescence is less than 3% and becomes much more common in adolescence than in childhood 
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(Hammen & Rudolph, 2003).  Moreover, the rate of clinical depression is 15% or higher starting 
at age 15 (Hammen & Rudolph, 2003; Hankin et al., 1998; Kessler & Walters, 1998).   
 Despite these normative patterns of development, it is expected that variables such as 
SES, PA, and BMI, and changes in them, will affect academic achievement.  In addition, gender 
differences are apparent during normative patterns of development making it an important 
developmental construct that is evident in many childhood phenomena.  In particular, gender 
differences in trends in BMI and PA among US children and adolescents have been reported by 
others: male children and adolescents have significantly higher body mass index (Ogden et al., 
2012) and rates of physical activity (Nader et al., 2008; Trost et al., 2002) than female children 
and adolescents.  Therefore, gender is included in Figure 1 as a predictor. 
Review of Literature Relevant to the Conceptual Model 
 
 First, the evidence linking childhood obesity, indexed by physical activity and body mass 
index, to academic achievement will be reviewed.  The relationship between cognitive processes 
(i.e., executive functioning, concentration) and academic achievement will then be assessed as 
well as the extent to which they are associated with physical activity.  Next, the relationship 
between emotional processes involving internalizing symptoms and academic achievement will 
be reviewed.  The extent to which they are associated with body mass index will also be 
examined.  Finally, a review of the link between socioeconomic status and both childhood 
obesity indices will be conducted.  Gender differences will be reviewed in each section. 
Childhood Obesity Indices and Academic Achievement 
 Physical activity (PA) is any bodily movement produced by skeletal muscle contraction 
that requires energy, leading to energy expenditure (Caspersen, Powell, & Christenson, 1985).  
There is evidence to suggest that falling levels of PA contribute to the childhood obesity 
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epidemic (World Health Organization, 2003).  Although there is debate about the immediate 
health benefits of PA to children, data exist to support the hypothesis that reduced PA levels and 
sedentary behaviors are associated with a higher prevalence of obesity, for example, greater 
BMI, in children (Steinbeck, 2001).   
 The Institute of Medicine recommends that BMI (a simple calculation of height/weight3) 
be used in national surveys and for fitness testing in schools (Institute of Medicine, 2012b).  As 
discussed earlier, children change height, weight, and body composition as a result of 
development and the interpretation of BMI takes these changes into account as well as age, 
gender, and secular trends towards earlier maturation.  For this reason, BMI values are often 
quoted as a percentile score or standardized measure (e.g. standard deviation).  The International 
Obesity Taskforce (IOTF) has published a large international data set of BMI cut-off points for 
children and adolescents from 2 to 18 years of age: the most often used are 18.5 (healthy 
weight), 25 (overweight), and 30 (obesity).  
 Most of the literature linking childhood obesity to academic achievement has been 
published in this century.  The few notable studies before 2000 are congruent with the post-2000 
literature.  For example, taking time away from academic courses and replacing it with PA 
opportunities does not adversely affect academic achievement (Dwyer et al., 1983; Sallis et al., 
1999); PA opportunities may have a modestly favorable effect on academic achievement (Sallis 
et al., 1999; Shephard et al., 1984).   
The majority of the studies to be reviewed involve either observational or quasi-
experimental designs.  Because of the shortcomings of these types of designs (e.g., confounding 
variables), researchers controlled for factors that might influence PA engagement or BMI, for 
example, in order to establish comparability among outcomes of interest.          
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 Physical activity and academic achievement.  Since 2000, 17 U.S.-based studies have 
examined the association between PA and academic achievement in middle childhood and early 
adolescence (Table 1).  Greater PA was associated with higher levels of standardized test scores, 
academic letter grades, or both.  These 17 studies provide evidence that suggests there is a 
significant positive relationship between PA and academic achievement (path f in Figure 1).  
Nearly half of these studies (7) were longitudinal and more than two-thirds (12) used 
standardized test scores or recorded (vs. self-report) academic letter grades as a measure of 
academic achievement, lending strength to their conclusions.  However, only one study used an 
objective measure of PA; the others measured PA with self-report data or by assignment to an 
exercise group as part of an experimental design.  In addition, the measures of PA were solely 
school-based in nearly half of these studies (7) instead of accounting for a full range of in-and-
out-of school physical activities.   
 Four cross-sectional studies (Coe et al., 2006; Edwards et al., 2011; Fox et al., 2010; 
Nelson & Gordon-Larsen, 2006) examined the relationship between PA and academic 
achievement using a dose-response analysis of self-reported PA in-and-out-of school.  Edwards 
et al. (2011) reported an association between higher standardized test scores in math and reading 
and increased PA (up to a vigorous intensity level) as well as higher standardized test scores in 
math and sports team participation among 11-12 year olds.  Fox et al. (2010) reported that a 
higher grade point average was associated with 11-13 year olds’ PA (of a moderate-to-vigorous 
intensity level), 14-18 year old males’ and females’ sports team participation, and 14-18 year old 
females’ PA in-and-out-of school.  Those 11-12 year old children who met or exceeded the 
Healthy People 2010 guidelines (CDC, 1996) for vigorous PA (20 minutes for 3 days/week) 
earned higher grades than those who did not (Coe et al., 2006).  A dose-response analysis of 12-
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18 year olds’ self-reported participation in school-based physical education (P.E.), school-based 
sports, and use of recreation centers found that students with more than 5 periods a week of 
moderate-to-vigorous school-based PA were more likely to report higher grades in math and 
reading (Nelson & Gordon-Larsen, 2006).  However, this finding is jeopardized by the fact that 
only children with no missing data were included in the analyses instead of an intent-to-treat 
analysis.   
 Three cross-sectional studies (Carlson et al., 2008; Eitle, 2005; Eitle & Eitle, 2002) 
examined the relationship between PA and academic achievement using self-reported PA either 
in or out of school.  Teacher reports of 5-11 year olds’ participation in P.E. classes were 
associated with a small academic benefit for math and reading standardized test scores but only 
among females with the highest exposure to P.E. (70–300 minutes/week) versus the lowest 
exposure (0–35 minutes/week; Carlson et al., 2008).  Two studies that examined the relation 
between high school students’ self-reported sports participation and self-reported grades (Eitle & 
Eitle, 2002) or standardized test scores (Eitle, 2005) found that participation in sports during 
non-school hours was positively associated with academic achievement.  In the latter study, this 
relationship was stronger for females’ standardized reading test scores compared to males’ 
scores. 
 Two cross-sectional studies (Stephens & Schaben, 2002; Tremarche et al., 2007) 
examined the relationship between PA and academic achievement using group comparisons.  
Stephens and Schaben (2002) compared differences in academic achievement among 13-14 year 
old athletes (i.e., those students who participated in one or more interscholastic sports) with 
nonathletes (i.e., those students who did not participate in an interscholastic sport) and found that 
both male and female athletes had significantly higher grade point averages than nonathletes of 
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the same sex.  To determine if more hours of school-based P.E. per week were related to 
standardized test scores, Tremarche et al. (2007) compared math and reading test scores among 
9-11 year old children from two schools that differed in average time reportedly spent in P.E.  
Children from the school with twice as many hours of P.E. (56 hours) scored higher on the 
reading test (mean = 240.94) than children from the school with fewer hours (28) of P.E. per 
week (mean = 235.62).  An independent t-test of the math scores from the two schools revealed 
no significant differences.         
 The other two studies (Crosnoe, 2002; Miller et al., 2005) to examine the association 
between PA and academic achievement in middle childhood and early adolescence are large-
scale observational, longitudinal studies.  Crosnoe (2002) found that 14-16 year olds’ self-
reported grade point averages were higher for self-identified athletes in comparison to 
nonathletes for both males and females.  Miller et al. (2005) examined 14-19 year olds’ self-
reported grade point averages in relation to athletic participation (e.g., being a member of a 
sports club and total number of athletic activities) and found that female athletes reported higher 
grade point averages than female nonathletes.  The reliance on self-report measures limits 
conclusions that can be drawn about the validity of the findings.  Furthermore, a few of the 
studies discussed thus far (Crosnoe, 2002; Stephens & Schaben, 2002) may also suffer from 
selection biases because students self-identified as athletes.  
 Only one study employed an objective measure of PA.  Reed et al. (2010) conducted a 
quasi-experimental study in which a small sample of six classrooms of 8-9 year olds were 
randomly assigned to either a control condition or a 3-month exercise program of running, 
hopping, and walking integrated into the core curriculum approximately 30 minutes a day, 3 days 
a week.  The authors did not report the nature of the control condition and whether or not those 
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classrooms were engaged in any physical activities.  Based on a self-report PA recall measure, 
the experimental and control classrooms did not differ when the exercise program began.  
Children in classrooms that received the exercise program performed better on the Social Studies 
State mandated academic achievement test compared to children in control classrooms.  
However, there were no significant group differences on the Math, Language Arts, and Science 
mandated academic achievement tests. 
 The following three quasi-experimental studies were also school-based but did not 
measure PA objectively.  Bartholomew and Jowers (2011) randomly assigned six classrooms of 
9-10 year old children to complete either a week of normal spelling instruction or physically 
active lessons during academic instruction (e.g., graphing running distance or time on a jump 
rope).  Based on a spelling pretest given at the beginning of the 2-week period, the experimental 
and control classrooms did not differ when the physically active lessons began.  Children's 
retention of spelling after two weeks was moderately enhanced (d = .63) following the use of 
lessons emphasizing PA rather than the usual spelling lessons.   
 In another school-based quasi-experimental study (Hollar et al., 2010), four schools were 
given a program promoting 10-minute classroom-based physical activities while reinforcing 
learning objectives in multiple subject areas and were compared to one control school.  The 
sample included 1197 low-income 6-13 years olds.  No baseline differences in math or reading 
scores between the intervention and control schools were reported.  After two years, children and 
adolescents at schools that delivered the exercise program had higher standardized test scores in 
math compared to those in the school without the program but no differences were found in the 
other areas.  
 In yet another school-based quasi-experimental study (Donnelly et al., 2009), 24 
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elementary schools were randomly assigned to either participate in the Physical Activity Across 
the Curriculum (PAAC) program (n = 14 schools) or not (n = 10 schools).  PAAC promoted 90 
minutes/week of moderate-to-vigorous physically active academic lessons delivered 
intermittently throughout the school day over a 3-year period.  There were no differences in 
academic achievement at baseline.  At the end of the three years, the children who received the 
PAAC program improved their overall performance on standardized tests of academic 
achievement by 6% compared to a decrease of 1% for the children in control schools.  
 An experimental study conducted in a university lab examined whether 20 minutes of 
aerobic exercise can affect academic achievement.  Using a within-subjects design, Hillman et al. 
(2009) assigned 20 9-year olds to two conditions: half the participants (n = 10) had a resting 
session on the first day and an aerobic exercise session on the second day while the other half (n 
= 10) had the aerobic exercise session on the first day and the resting session on the second day.  
The aerobic exercise session consisted of 20 minutes of walking on a treadmill at 60% of 
estimated maximum heart rate followed by assessments of academic achievement using 
standardized reading, spelling, and math test once heart rate returned to within 10% of pre-
exercise levels.  The order of the sessions had no significant effect on academic achievement.  
Thus, all further analyses were collapsed across session orders.  Children performed better on an 
academic achievement test of reading following their exercise session compared to children 
tested following the resting session.  These findings suggest that single, acute bouts of moderate-
to-vigorous PA (i.e., walking) can affect academic achievement and provide a beginning point 
from which to understand the real-world implications of providing PA opportunities during the 
school day.   
 Only one experimental study examined the relationship between PA and academic 
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achievement and it was limited to overweight children.  One hundred and seventy-one 7-11 year 
old overweight children were randomized to a low-dose (20 minutes/day) or high-dose (40 
minutes/day) 13-week exercise program or a no exercise control condition (Davis et al., 2011).  
A standardized test of academic achievement in math and reading was administered to each child 
both immediately before and after the intervention period.  Standardized test scores in math were 
higher among children in the high-dose exercise condition (40 minutes/day), but not the low-
dose (20 minutes/day), than the no exercise control condition.  These findings suggest that a high 
dose of exercise among overweight children can lead to improved academic achievement in math 
but not necessarily in reading. 
 Overall, these 17 studies suggest that there is a relatively consistent relationship between 
PA and academic achievement in middle childhood and early adolescence.  However, the one 
experimental study to provide firmer evidence supporting the path from PA to academic 
achievement in Figure 1 involves only overweight children and suggests that a positive 
relationship may be limited to those who engage in rather high levels of exercise.  
 Body mass index and academic achievement.  The relationship between BMI and 
academic achievement has been widely studied due to the increasing prevalence of children who 
are overweight as well as the inescapable pressure on schools to produce students who meet 
academic standards.  Findings from a systematic review of seven observational studies (4 cross-
sectional, 3 longitudinal) published between 1994 and 2004 revealed that overweight and obesity 
among 6-18 year olds is associated with poor levels of academic achievement (Taras & Potts-
Datema, 2005).  Since then, 11 U.S.-based studies have examined the association between BMI 
and academic achievement in middle childhood and early adolescence (Table 2).  It should be 
noted that all 11 studies were observational (non-experimental) and almost all were cross-
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sectional, limiting causal inferences.  Although the majority (8) of these 11 studies provides 
evidence that supports an inverse relationship between BMI and academic achievement, two 
studies report no relationship and one reports a relationship between BMI and self-reported 
academic achievement.  Despite these mixed results, the majority of research indicates that BMI 
is related to academic achievement (path g in Figure 1).   
 Most of these 11 studies included at least one objective measure of academic 
achievement (e.g., standardized test scores, grade point averages obtained from school records).  
Assessment methods for BMI varied across studies; however, self-reports and more objective 
measurements of weight and height are strongly correlated in U.S. youth (r > .9; Brener, 
McManus, Galuska, Lowry, & Wechsler, 2003; Goodman, Hinden, & Khandelwal, 2000).  
Several studies reported findings using weight status categories of healthy (BMI < 85th 
percentile), overweight (BMI > 85th percentile), or obese (BMI > 95th percentile) instead of 
continuous scores. 
 In one of the three cross-sectional studies with moderate sample sizes, BMI among 259 
8-11 year olds was inversely related to academic achievement in reading and math (Castelli et 
al., 2007).  In another study with roughly the same sample size, 11-13 year old overweight 
children had lower cumulative grade point averages compared to their healthy weight peers 
(Shore et al., 2008).  However, a third cross-sectional study (Eveland-Sayers, Farley, Fuller, 
Morgan, & Caputo, 2009) found no relationship between 9-11 year olds’ BMI and academic 
achievement in math or reading.     
 The other eight cross-sectional studies to examine the association between BMI and 
academic achievement are larger in scale, with samples of 600 or more.  Six of these studies 
found a significant inverse relationship but two did not.  For example, three cross-sectional 
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studies demonstrated that self-reported BMI and academic achievement among 4-17 year olds 
were inversely related (Falkner et al., 2001; Florin et al., 2011; Krukowski et al., 2009).  In 
another study, 9-13 year olds’ overweight status was associated with lower standardized test 
scores in reading, math, and science (Cottrell et al., 2007).  Roberts et al. (2010) found that 
overweight and obese 10-15 year olds scored lower on standardized test scores in math, reading, 
and language arts than healthy weight students.  However, 11-14 year olds’ BMI has been 
inversely related to self-reported grades but not to objectively measured grade point averages 
(Huang, Goran, & Spruijt-Metz, 2006).  Moreover, no association between 11-12 year olds’ 
weight classification and academic achievement has also been found (Edwards et al., 2011).  
Using a nationally representative sample of 11,658 youth aged 12-18, Crosnoe and Muller 
(2004) found that BMI was inversely related to self-reported grades in math, science, reading, 
and social studies.   
 Based on these 11 studies, the evidence is mixed regarding the degree to which BMI is 
inversely related to academic achievement.  Because this relationship has not been made clear by 
cross-sectional studies, longitudinal work is needed to more clearly establish this relationship 
(path g of Figure 1).   
Cognitive Processes 
 
 A number of studies suggest that the path from greater PA to improved academic 
achievement may occur through cognitive processes (Hillman, Kamijo, & Scudder, 2011; Sibley 
& Etnier, 2003) such as executive functioning (Best et al., 2009) and even more specifically, 
concentration, an aspect of executive functioning (Best, 2010).   
 Executive functioning and academic achievement.  Executive functioning is an 
umbrella term that refers to higher-order cognitive functions (such as inhibition and working 
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memory) that are responsible for controlling goal-directed behavior (Banich, 2009).  In the 
context of executive functioning, inhibition can be conceptualized as inhibition of a dominant or 
desired response, stopping an ongoing response, or interference control (distractibility) (Barkley, 
1997).  For over half of a century, researchers have postulated that these functions are critical to 
the planning, organization, and regulation of cognition (e.g., Luria, 1966).  
 To date, the body of work examining the link between executive functioning and 
academic achievement among school-age youth in the U.S. (shown as path d1 in Figure 1) is 
restricted to five observational studies that are, with one exception, cross-sectional studies having 
relatively small samples (Table 3).  In a pre-2000 study of 8-10 year olds, no relationship was 
found between executive functioning and academic achievement, measured as a composite of 
reading, language arts, and math grades (Cohen, Bronson, & Casey, 1995).  Two studies of 11-
12 and 9-12 year olds measured multiple aspects of executive functioning.  Higher performance 
on verbal and nonverbal tasks were associated with higher standardized math scores (van der 
Sluis, de Jong, & van der Leij, 2007); working memory and inhibition were associated with 
higher standardized reading and math scores (St Clair-Thompson & Gathercole, 2006).  
Performance on three complex executive functioning tasks were correlated with academic 
achievement in reading and math among a large, nationally representative sample of 5-17 year 
olds (Best, Miller, & Naglieri, 2011).  Only one study has demonstrated that the relationship 
between executive functioning and academic achievement persists over time (Miller & Hinshaw, 
2010): Higher executive functioning predicted higher standardized math scores among 6-12 year 
old girls over a 5-year period.   
 Physical activity and executive functioning.  The relationship between PA and executive 
functioning (shown as path b1 in Figure 1) is based on a small set of studies, one observational 
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study and four experimental studies (Table 4).  In the observational study, high sedentary 
children reported more problems with executive functioning than children who were almost 
inactive or active (operationalized as daily engagement in physical activities causing hard 
breathing and perspiration lasting more than 30 minutes) (Riggs et al., 2012).  The experimental 
studies all measured PA in terms of exercise: the acute exercise studies measured cognition 
during or immediately following a single bout of PA and the chronic exercise studies focused on 
the effects of multiple bouts of exercise training on cognition (Audiffren, 2009).   
 The findings from these experimental studies are mixed and depend on whether the 
sample was healthy weight or overweight.  One acute exercise study of 69 7-11 year old 
overweight children found no improvements in executive functioning performance after acute 
treadmill walking relative to a control group that watched a video (Tomporowski, Davis, 
Lambourne, Gregoski, & Tkacz, 2008).  However, an acute exercise study of 20 9-year-old 
healthy weight children found increased executive functioning performance following acute 
treadmill walking, with a large effect size (f2 = 0.47) (Hillman et al., 2009).   
 Two studies (Davis et al., 2007; Davis et al., 2011) demonstrated a relationship between 
consistent exercise and executive functioning among overweight children.  Ninety-four 7-11 year 
old overweight children were randomized to a low-dose (20 minutes/day) or high-dose (40 
minutes/day) 13-week exercise program or a no exercise control condition (Davis et al., 2007).  
A standardized test of cognitive function was administered to each child immediately before and 
after the intervention period.  Those in the high-dose exercise condition had higher executive 
functioning scores post intervention than those in the no exercise control condition but the effect 
size was small (f2 = 0.08).  Although not statistically different, children in the low-dose condition 
had a lower executive functioning score post intervention than those in the high-dose condition.  
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Another study (Davis et al., 2011) using the same design included 170 7-11 year old overweight 
children and found that children assigned to the low and high exercise programs who were 
combined into a single group showed greater executive functioning post-intervention than those 
in the no exercise control condition (f2 = 0.02).  Overall, these studies suggest that exercise may 
lead to better executive functioning but this relationship depends on children’s weight status and 
the level of physical activity engagement.   
 Concentration and academic achievement.  Concentration has been referred to as an 
aspect of executive functioning (Best, 2010) that may explain improvements in academic 
achievement (Chaddock et al., 2011).  The construct of concentration is difficult to 
operationalize because the research literature has not converged on a single definition regarding 
what it means for youth to concentrate in and out of school.  However, there is an extensive 
literature on constructs related to concentration.  Academic engagement, defined as the ability to 
pay attention in class and make an effort to learn (Johnson, Crosnoe, & Elder Jr, 2001) is a 
predictor of academic achievement (Greenwood, Horton, & Utley, 2002).  The relationship 
between inattention and academic underachievement among children with attention-
deficit/hyperactive disorder has been established (Loe & Feldman, 2007) and longitudinal studies 
have demonstrated that attention problems predict academic underachievement from early 
childhood (Duncan et al., 2007) through adolescence (Breslau et al., 2009).  
 Researchers have hypothesized that daily PA improves student concentration across all 
grades (Trost, 2009).  A theoretical model (see Martin, 2010) indicating that physical activity 
enhances children's learning also proposes that PA may indirectly predict academic achievement 
through concentration but there is no research evidence to support this hypothesis.  Thus, there 
has been essentially no empirical work done on the relationship specifically between the ability 
 23 
 
  
to concentrate and academic achievement (path d2 in Figure 1).   
 Physical activity and concentration.  A large systematic review of 850 articles 
examining the effects of physical activity on various health and behavior outcomes found that 
PA engagement affects classroom concentration among school-age youth (Strong et al., 2005); 
this supports path b2 in Figure 1.  This evidence has led to an increasing interest in the degree to 
which children who regularly participate in school-based PA are better able to concentrate when 
they are in the classroom (Trost, 2009).  Eight US-based studies examine the relationship 
between youth engagement in PA and concentration with all but one of them focusing solely on 
school-based PA (see Table 5).   
 One observational study found that elementary and middle school district officials that 
were surveyed associated a school-based state policy of daily PA for 30 minutes with increases 
in focus and alertness among 5-14 year olds (Evenson, Ballard, Lee, & Ammerman, 2009).  Five 
studies measured inattention (e.g., gazing off, listlessness, fidgeting) before or after school-based 
PA using a momentary time sampling method of time-on-task.  In one study, inattention among 
7-10 year olds was greater before a PA recess break from classroom instruction than after 
(Pellegrini, Huberty, & Jones, 1995) but there was no control group.  In another study, 9-10 year 
olds were more on-task on the days that they had recess (Jarrett et al., 1998), with the authors 
suggesting that physical activity may have contributed to on-task behavior though the study’s 
design does not permit this conclusion.  In yet another study, on-task behavior during classroom 
instruction was greater among 8-11 year olds after energizer activities (Mahar et al., 2006) which 
are short teacher-led classroom-based physical activities that integrate academic content.  For 
example, students may be asked to respond to a multiplication question by providing the answer 
in jumping jacks so that “two times three” equals a response of six jump jacks.  In two other 
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studies, 8-10 year olds were less on-task following non-energizer activities or inactive control 
days (Bartholomew & Jowers, 2011; Grieco, Jowers, & Bartholomew, 2009) with overweight 
children less able to maintain on-task behaviors compared to healthy weight children following 
non-energizer activities. 
 Physical activity does not have to take place in the classroom.  For example, Caterino and 
Polak (1999) randomly assigned 52 9-10 year olds to fifteen minutes of a classroom lesson or 
walking outside the classroom.  Those students who walked showed more improved scores on a 
standardized concentration test than the group who had a lesson and the effect size was large (d = 
0.70).  Hillman et al. (2009) found that following 10 minutes of walking on a treadmill in a 
university lab, 20 9-year old children had enlarged P3 amplitude (indicative of enhanced 
attentional allocation) compared to children who rested for the same time (effect size, f2 = 0.19).  
These results indicate that walking either outside the classroom or in a lab may affect 
concentration during middle childhood.    
Emotional Processes 
 
 Internalizing symptoms and academic achievement.  Internalizing symptoms (low 
self-esteem, depressed mood, loneliness, anxiety, and social withdrawal) are one way to measure 
psychological distress among children and adolescents.  Children and adolescents who have 
reported depressive symptoms (Cole, 1990; Forehand, Long, Brody, & Fauber, 1986) are at risk 
for academic underachievement (see review by Kovacs & Devlin, 1998) in math (Hodges & 
Plow, 1990) and reading (Vincenzi, 1987); this is path e in Figure 1.  However, the bulk of this 
work has included largely clinical samples of in-patients with severe depressive symptomatology 
(Gunther, Holtkamp, Jolles, Herpertz-Dahlmann, & Konrad, 2004; Hodges & Plow, 1990; 
Horan, Pogge, Borgaro, Stokes, & et al., 1997; Lauer, Giordani, Boivin, Halle, & et al., 1994; 
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Osborn & Meador, 1990) and children being treated for depression (Emerson, Mollet, & 
Harrison, 2005; Lefkowitz & Tesiny, 1985; McClure, Rogeness, & Thompson, 1997; Strauss, 
Lahey, & Jacobsen, 1982; Vincenzi, 1987).   
 More relevant evidence for this dissertation comes from seven observational studies 
(Breslau et al., 2009; Duncan et al., 2007; Flook, Repetti, & Ullman, 2005; Juvonen, Nishina, & 
Graham, 2000; Lundy, Silva, Kaemingk, Goodwin, & Quan, 2010; Masten et al., 2005; Schwartz 
et al., 2005) of non-clinical samples of children and adolescents (Table 6).  Teacher reports of 
internalizing symptoms measured by the anxious/depressed and socially withdrawn scales of the 
Child Behavior Checklist (Achenbach, 1991) have been related to lower academic achievement 
one year later among 9-12 year olds (Flook et al., 2005) and lower standardized test scores in 
reading and math among 6-17 year olds (Breslau et al., 2009).  Parent reports of the child’s 
depressive symptomatology measured by the same measure were related to lower math scores 
among 6-11 year olds (Lundy et al., 2010).  Self-reported internalizing symptoms has been 
associated with poorer grade point averages among 12-14 year olds (Juvonen et al., 2000) and 
have predicted poorer grade point averages and standardized reading and math scores among 8-
10 year olds over a 1-year period (Schwartz et al., 2005).  In contrast, two longitudinal studies 
found no relationship between teacher or parent reports of 5-11 year olds’ internalizing 
symptoms and academic achievement (Duncan et al., 2007) or parent reports of 8-year olds’ 
internalizing symptoms and academic achievement 22 years later (Masten et al., 2005).  Thus, 
the evidence for path e in Figure 1 is weak, particularly as the longitudinal studies have not 
found effects. 
 Body mass index and internalizing symptoms.  Nine US-based studies have examined 
the relationship between BMI and internalizing symptoms from childhood to adolescence (Table 
 26 
 
  
7), depicted as path c in Figure 1.  This literature includes five longitudinal and four cross-
sectional studies with two-thirds (6) of the studies employing extremely large sample sizes (N > 
1000). 
 Internalizing symptoms have been shown to increase up to the age of 18 (Schwimmer, 
Burwinkle, & Varni, 2003), among overweight 9-11 year olds using teachers’ reports (Judge & 
Jahns, 2007) or self reports (Pierce & Wardle, 1997).  Another study found that obesity among 9-
14 year olds predicted increased internalizing symptoms by early adolescence (Strauss, 2000).  
Adolescents with higher BMI have also been more likely to report increased internalizing 
symptoms (Fallon et al., 2005).   
 Two longitudinal studies have demonstrated that there is a positive relationship between 
teacher reports of internalizing symptoms (Gresham & Elliott, 1990) and overweight status 
among 5-year-old girls (Datar & Sturm, 2004) who remained overweight until age 9 (Datar & 
Sturm, 2006).  Another longitudinal study found that teachers’ reports of internalizing symptoms 
for overweight 6-10 year olds were positive over a 4-year period (Gable et al., 2009).  This study 
also found that children who had been persistently overweight during this 4-year period reported 
more internalizing symptoms than those who had been a healthy weight.  
 Gable et al. (2012) also used teacher reports of internalizing symptoms to examine 
whether weight status among elementary school children predicted standardized math scores and 
was mediated by internalizing symptoms.  Lower BMI predicted better math achievement among 
5-11 year old children through reduced internalizing symptoms such as loneliness, low self-
esteem, and sadness over a 6-year period.  According to the authors, this study was the first to 
demonstrate that weight status predicts math achievement through internalizing symptoms during 
middle childhood.  These findings establish the link between overweight status and internalizing 
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symptoms; they also suggest that overweight children in elementary school may have poorer 
math achievement than their healthy counterparts as a consequence of internalizing symptoms. 
The Antecedent Role of Socioeconomic Status 
 
 Since the early 2000s, a large number of studies have associated SES with a wide array of 
health, cognitive, and achievement outcomes among children with effects beginning prior to 
birth and continuing into adulthood (see reviews by Bradley & Corwyn, 2002; Chen et al., 
2006b).  Socioeconomic differences in health outcomes appear similar in magnitude across 
childhood and adolescence (Chen, Matthews, & Boyce, 2002) with lower family SES associated 
with poorer child health (Chen, Martin, & Matthews, 2006a).  A similar phenomenon has been 
shown with academic outcomes.  A meta-analysis of journal articles from 1990 to 2000 indicated 
a moderate association between SES and academic achievement during childhood and 
adolescence (Sirin, 2005) with disadvantaged children starting kindergarten having fewer 
cognitive skills than their more advantaged counterparts (Lee & Burkam, 2002). 
 A history of poor academic outcomes among young children from disadvantaged 
households (Arnold & Doctoroff, 2003) has spurred a wealth of research hoping to identify 
underlying mechanisms that might account for this trend.  SES is not only a strong predictor of 
academic achievement (Willms, 2003) but also of health outcomes linked to mediators such as 
PA (La Torre et al., 2006; Mo, Turner, Krewski, & Mo, 2005; Raudsepp, 2006) and obesity risk 
(Greves Grow et al., 2010; Singh, Siahpush, & Kogan, 2010a).  For example, low-SES children 
in unsafe neighborhoods are more likely to be kept indoors by their parents and are, thus, less 
likely to engage in outdoor physical activities such as walking or playing in parks (Carver, 
Timperio, & Crawford, 2008).  Access to supermarkets has been associated with healthier diets 
among children and families living in low SES communities (Morland, Wing, & Diez-Roux, 
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2002).  And, low SES youth who have less regular routines with their families (e.g., eating 
together less frequently) are more likely to be overweight (Taveras et al., 2012).   
 Yet, the association between SES and health outcomes is not only due to the adversities 
of poverty but also continues at higher levels of SES (Bunker, Gomby, & Kehrer, 1989), 
occurring in a step-wise or graded manner (Matthews & Gallo, 2011).  This gradient effect 
occurs in such a way that populations with sharp social and economic differences among 
individuals have a lower overall level of health and well-being than populations where these 
differences are less pronounced (Keating & Hertzman, 1999a).  Steeper gradients indicate lower 
overall health and well-being while relatively flatter gradients indicate better overall heath and 
well-being (Keating & Hertzman, 1999b).  Gradients occur across the board for both health and 
educational outcomes and do not appear to be threshold effects – that is, these effects do not 
occur just for individuals in poverty.  Instead, gradient effects appear to be monotonic throughout 
different levels of the population from the low to middle and well into the professional classes 
(Marmot et al., 1991). 
The Influence of SES on Health 
 
The relationship between SES and chronic diseases among adults has shown a clear 
linear gradient for more than two decades (Adler et al., 1994; Adler & Rehkopf, 2008; Adler & 
Stewart, 2010), with inflammatory markers of chronic disease decreasing at each higher level of 
SES (for reviews, see Aiello & Kaplan, 2009 and Nazmi & Victora 2007).  There is a strong and 
consistent SES gradient for cardiovascular risk factors (Gump et al., 2007; Lehman, Taylor, 
Kiefe, & Seeman, 2009; Manuck, Phillips, Gianaros, Flory, & Muldoon, 2010) and diabetes 
(Smith, 2007).  This relationship is important in the context of this dissertation because obesity-
related behaviors are risk factors for both diseases.  Moreover, these risk factors show a gradient 
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with SES: Sedentary activity, cholesterol levels (Chang & Lauderdale, 2009), and unhealthy 
diets are lower at the higher end of the SES hierarchy (for a review, see Wang & Beydoun, 
2007).  
 The SES-health gradient is apparent at birth (Finch, 2003) and tends to be stable during 
childhood and adolescence (Chen et al., 2006a; Willms, 2003).  There is a positive linear 
relationship between SES and health outcomes in graded increments such that children and 
adolescents lower in SES suffer from poorer health outcomes compared to those higher in SES 
(Chen et al., 2002; Duncan & Brooks-Gunn, 1997; Leventhal & Brooks-Gunn, 2000; Pamuk, 
Makuc, Heck, Reuben, & Lochner, 1998; Starfield, Riley, Witt, & Robertson, 2002; Starfield, 
Robertson, & Riley, 2002).  Among these poorer health outcomes is obesity.  Across all 
industrialized nations, lower SES children are at greater risk of becoming obese (McLaren, 2007; 
Sobal & Stunkard, 1989).  Children as young as five years old who live in neighborhoods with 
higher levels of poverty and lower levels of education are at increased risk for becoming obese 
later on (Duncan, Duncan, Strycker, & Chaumeton, 2004; Kimbro & Denney, 2012).  Findings 
from the 2003 and 2007 National Survey of Children’s Health indicated that 10-17 year olds 
from low-income and low-education households had 3.4 to 4.3 times higher odds of obesity than 
those from households with higher SES (Singh et al., 2010b).  And, unfortunately, the odds of 
becoming obese are also associated with educational outcomes.  In a large nationally 
representative study of 12-18 year olds, adolescents at-risk for obesity from more disadvantaged 
backgrounds underperformed academically compared to those who were not at risk for obesity 
(Crosnoe & Muller, 2004). 
 It has been argued that decreased physical activity has contributed to the increase of 
youth who are at risk for obesity in the United States (Wang, Monteiro, & Popkin, 2002).  The 
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trend of declining PA across childhood (Kim & Lee, 2009) is particularly apparent in low SES 
children who are both disproportionately inactive by the age of 11 (Brodersen, Steptoe, Boniface, 
& Wardle, 2007; Brodersen, Steptoe, Williamson, & Wardle, 2005; Hoelscher et al., 2004) and 
perform poorly in school (Heard, 2007).  Mirroring this, higher SES has been related to increased 
PA and sports participation among adolescents (Raudsepp & Viira, 2000; Santos, Esculcas, & 
Mota, 2004).  Given this evidence, it is perhaps not surprising that a positive SES gradient has 
been observed for physical activity (Inchley, Currie, Todd, Akhtar, & Currie, 2005; Lee & 
Cubbin, 2002) and an inverse SES gradient for obesity across childhood and adolescence 
(Goodman, 1999; Willms, Tremblay, & Katzmarzyk, 2003).  These gradients are becoming 
steeper because of more rapid increases in overweight and obesity prevalence among children in 
lower socioeconomic groups even after controlling for behavioral factors such as television 
viewing and recreational computer use (Singh et al., 2010b). 
 Much of the empirical work linking childhood obesity indices to academic achievement 
has statistically controlled for SES.  Specifically, the empirical evidence is limited to 
demonstrating that a positive relationship between physical activity and academic achievement 
exists after controlling for SES but not how SES influences the relationship between activity and 
achievement (Carlson et al., 2008; Crosnoe, 2002; Eitle, 2005; Eitle & Eitle, 2002; Fox et al., 
2010; Miller et al., 2005; Nelson & Gordon-Larsen, 2006).  A similar phenomenon has been 
shown with BMI (Cottrell et al., 2007; Falkner et al., 2001; Roberts et al., 2010; Shore et al., 
2008).  Thus, the literature cannot tell us whether or how the relationship differs for children at 
different SES strata.  For example, Judge and Jahns (2007) reported that the relationship between 
kindergartners’ BMI and academic achievement was not significant after controlling for SES.  
Had they tested a mediational model in which SES predicts academic achievement through BMI, 
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however, the data may have supported the hypothesis that SES is related to greater BMI which in 
turn results in poorer academic achievement.  Or, they might have shown that the relationship 
between BMI and achievement varies at different levels of SES, a moderator model.  The critical 
idea is that SES should not be statistically controlled but examined as an important construct in 
its own right.  
Within the past decade, researchers have proposed that the field of psychology move 
beyond the perspective that SES is a “nuisance variable” to control statistically (Matthews & 
Gallo, 2011) because it is directly linked to health outcomes (Chen, 2004; Evans, 2004; McLoyd, 
1998).  Beyond examining how SES is a moderator of health outcomes or how these outcomes 
are conditioned by SES, the degree to which SES directly affects child and adolescent health is 
in need of study.  Specifically, this relationship must be examined in light of mediating factors 
such as health behaviors (Goodman, 1999) which are one pathway through which SES influences 
children and adolescent health in a graded fashion (Chen et al., 2006a, 2006b; Chen & Miller, 
2013).  One causal explanation for this gradient is individual lifestyle.  The health habits and 
behaviors of youth in different SES subgroups lead them to different risks of particular life-
threatening conditions.  In particular, health-promoting behaviors among youth may be practiced 
more frequently among those in higher socioeconomic groups and health-damaging behaviors 
practiced more in lower socioeconomic groups (Hertzman, 1999). 
There has also been relatively little study of childhood obesity indices as mediators of the 
relationship between SES and academic achievement.  Furthermore, the extent to which SES 
predicts academic achievement through either measures of obesity (for PA, path a1 and for BMI, 
path a2 in Figure 1) or cognitive and emotional processes is not known.  Because low SES has 
been consistently associated with poor academic achievement (Jackson, 2003), understanding the 
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cognitive and emotional processes through which SES affects academic achievement is critical to 
developing interventions to prevent childhood obesity. 
Current State of the Literature 
As was just described, the model to be tested (Figure 1) has a fair amount of empirical 
support but it varies by path.  The research literature suggests there is a direct relationship 
between PA engagement and academic achievement (path f).  A number of cross-sectional 
studies indicate that greater BMI is related to poorer academic achievement (path g) but 
longitudinal work is needed to more clearly establish this relationship.  Findings from mostly 
cross-sectional studies suggest that a positive relationship may exist between EF performance 
and academic achievement (path d1).  The few studies examining whether PA improves EF (path 
b1) largely show this relationship, although effect sizes ranged from small to large and results 
may depend on the weight status of the sample as well as the level of PA engagement.  While 
researchers have posited that concentration predicts academic achievement (path d2), there is no 
research evidence to support this hypothesis.  Although the research linking PA to concentration 
(path b2) is based largely on school-based PA, it suggests a moderate to strong relationship of 
those activities with concentration during middle childhood alone.  The evidence supporting an 
inverse relationship between internalizing symptoms and academic achievement (path e) is 
equivocal, particularly when longitudinal studies are considered.  The research literature also 
suggests that BMI predicts internalizing symptoms (path c) until middle childhood but the 
evidence for this phenomenon among adolescents is unknown. 
 There were a number of longitudinal studies to demonstrate a positive relationship 
between self report measurements of PA and an objective measure of academic achievement 
(e.g., standardized test scores, grade point averages obtained from school records).  The majority 
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of studies to examine the relationship between BMI and academic achievement were cross-
sectional with most relying on at least one objective measure of achievement and some showing 
an inverse relationship.  Mainly cross-sectional studies were also used to draw conclusions about 
the relationship between EF and academic achievement.  Relatively few studies examined PA 
outside of the school setting to conclude that PA is related to cognitive processes, both EF and 
concentration.  Additional longitudinal work is needed to elucidate the relationship between 
internalizing symptoms and academic achievement due to inconsistent findings.  One study, in 
particular (Gable et al., 2012), demonstrated that internalizing symptoms mediates the 
relationship between BMI and math achievement in middle childhood but the extent to which 
this remains true during adolescence and in relation to reading achievement is unknown.  Finally, 
across the breadth of this research literature, studies mainly involve middle childhood and leave 
open the question of how obesity is directly or indirectly related to academic achievement 
through cognitive and emotional processes during adolescence. 
Because linking childhood obesity to academic achievement is a relatively new area of 
research, there is currently insufficient knowledge at the descriptive level to identify definitive 
mechanisms.  A first step is to identify cognitive and emotional mechanisms that mediate the 
relationship between childhood obesity and academic achievement in reading and math.  A 
second step is to examine how SES affects obesity as well as cognitive and emotional mediators 
in predicting achievement.   
The Current Study 
 The aim of the current study is to determine the processes through which childhood 
obesity has effects on academic achievement in reading and math from middle childhood 
through early adolescence.  The full meditational model (Figure 1) proposes that childhood 
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obesity and/or a reduction of total physical activity during and outside of school leads to poorer 
academic achievement through cognitive and emotional problems.  
The proposed model will also test the extent to which SES drives this conceptual model 
and has a direct effect on PA as well as BMI.  Thus, lower SES may lead to greater childhood 
obesity (indexed by PA and BMI) which in turn affects executive functioning, concentration, and 
internalizing symptoms, resulting in poorer academic achievement in reading and math.  
However, because there are graded associations across health outcomes at all levels of SES, this 
dissertation will involve an examination of PA and BMI among youth beyond the lower, poverty 
level of SES and across the SES distribution. 
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Methods 
 
 This study involved a secondary analysis of longitudinal data from the 1991-2007 
National Institute of Child Health and Human Development Study of Early Child Care and 
Youth Development (NICHDSECCYD).  The NICHDSECCYD is a multi-site, prospective, 
longitudinal study of the child care experiences of children born in 1991 and their families 
(NICHD Early Child Care Research Network, 2005).  Data for the NICHDSECCYD (2000-
2007) were collected annually from 1,100 children and their families from ages 9 through 15.    
Children who entered school in fall of 1996 (85% of the sample) were designated as Wave 1 and 
children who entered school in fall of 1997 were designated as Wave 2.  Data from the following 
time points were analyzed: age 9 (year 2000), 10 (2001), 11 (2002), 12 (2003), 13 (2004), 14 
(2005), and 15 (2006) years.  
Sample 
Participants for the NICHDSECCYD were recruited in 1991 from designated community 
hospitals at 10 university-based data collection sites across the United States: (1) Little Rock, 
Arkansas; (2) Irvine, California; (3) Lawrence, Kansas; (4) Boston, Massachusetts; (5) 
Philadelphia, Pennsylvania; (6) Pittsburgh, Pennsylvania; (7) Charlottesville, Virginia; (8) 
Seattle, Washington; (9) Hickory and Morganton, North Carolina; and (10) Madison, Wisconsin.  
Participants were selected in accordance with a conditionally random sampling plan which was 
designed to ensure that the recruited families (a) included mothers who planned to work or to go 
to school full-time (60%) or part-time (20%) in the child's first year as well as some who planned 
to say at home with the child (20%) and (b) reflected the demographic diversity (economic, 
educational, and ethnic) of the sites.  Both two-parent and single-parent families were included.  
The major exclusionary criteria used were (a) mothers younger than 18 years of age at the time 
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of the child's birth, (b) families who did not anticipate remaining in the catchment area for at 
least 3 years, (c) children with obvious disabilities at birth or who remained in the hospital more 
than 7 days postpartum, and (d) mothers who did not speak English. 
The sample for the dissertation includes 1,100 children from across the US including both 
rural and urban areas in the NICHDSECCYD study.  Although it is not nationally representative, 
the sample closely matches national and census tract records with respect to demographic 
variables such as ethnicity and household income (NICHD Early Child Care Research Network, 
1997).  The majority of children are White (78.8%); 11.2% are Black/non-Hispanic, 5.6% are 
Hispanic, and 4.4% are from other ethnic minorities.  Roughly 30% of mothers had a high school 
education or less, 14% were single parents, and 23% lived in families defined as poor or near 
poor.  The sample includes males and females in nearly equal proportions (49.5% females; 
NICHD, 2006).  Based on an income-to-needs ratio (ratio of < 2.0 is considered low-income; 
Citro & Michael, 1995), nearly 25% of the sample lived in low-income families. 
Measures  
 Data for the dissertation analyses included child health indicators, cognitive and 
achievement assessment tests, child-reported questionnaires, and parent-reported questionnaires.  
Child health indicators were taken by a medical professional in a lab or recorded by a monitoring 
instrument.  Cognitive and achievement assessment tests as well as child-reported questionnaires 
were administered in a lab.  Parent questionnaires were administered either at home or in a lab.  
All variables included in the analyses are listed in Table 8. 
 Childhood obesity.  Physical activity (PA) and Body Mass Index (BMI) were used to 
reflect childhood obesity.  
 Physical activity.  Information about PA was collected using a single channel PA 
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accelerometer (also known as a monitor) that collects movement data by measuring and 
recording multiple accelerations by the person wearing it (Computer Science and Applications 
(CSA), 1991).  Accelerations are changes in the rate of movement of a body (Bauman, Sallis, 
Dzewaltowski, & Owen, 2002).  In this study, the monitor was used to measure total movement 
over a defined period of time across both school and non-school settings (Sallis & Owen, 1998).  
The monitor has been previously validated as an objective measure of PA in field and lab 
settings with 7-15 year olds (Janz, 1994; Janz, Witt, & Mahoney, 1995).  At least four days of 
monitoring was required to achieve adequate reliability (α = .75 to .78; NICHD, 2010a, 2010b).  
The total number of minutes spent in PA was calculated in the NICHDSECCYD data for each 
child for each day the monitor was worn according to the formula (Freedson, Pober, & Janz, 
2005):  
 METS (Metabolic Equivalent of Task) = 2.757 + (.0015 * count) + (-.08957 * age in 
years) + (-.000038 * count * age in years)  
The variable used in analyses is a continuous variable computed by the NICHDSECCYD 
representing the average minutes per day in moderate (3 – 5.9 mets) to very vigorous physical 
activity (> = 9 mets) across all days the monitor was worn.  Additional information about the 
physical activity monitor can be found in Appendix A.  
 Body Mass Index.  Body Mass Index (BMI) is an essential indicator of health and 
nutritional status of children world-wide (de Onis & Blossner, 2003).  Although it does not 
measure body fat directly, BMI is a reliable and valid indicator for most children and adolescents 
and correlates with direct measures of body fat such as underwater weighing and dual energy x-
ray absorptiometry (Mei et al., 2002).  BMI was calculated at ages 9, 10, 11, 12, and 15 by the 
formula of weight in kilograms divided by height in meters squared (both measured without 
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shoes) and converted to percentiles relative to children of the same sex and age.  Most analyses 
for the dissertation use a continuous measure of BMI including the assessment of the conceptual 
model depicted in Figure 1.  The following cutoff points for identifying healthy, overweight, and 
obese children were also used descriptively: Healthy weight (5th to less than 85th percentile); 
Overweight (85th to less than 95th percentile); and Obese (equal to or greater than 95th percentile) 
(CDC, 2011).  The BMI cut-off points used to determine weight categories for children 
(Appendix G) differ for females (Appendix G1) and males (Appendix G2).   
 Cognitive processes.  Executive functioning and concentration served as the variables 
representing cognitive processes.  
 Executive functioning.  Executive functioning was measured with the Tower of Hanoi 
task (TOH; Simon, 1975) at ages 9 and 12 and the Tower of London task (TOL; Shallice, 1982) 
at age 15.  Both tasks are mathematical puzzles that assess planning and problem solving ability; 
they were significantly correlated at a moderate level (r = .39) in a cross-sectional study (Welsh, 
Satterlee-Cartmell, & Stine, 1999).  According to Best, Miller, and Jones (2009), the pinnacle of 
executive functioning is the ability to plan.  Planning is a critical part of goal-oriented behavior 
as it embodies the ability to formulate actions in advance and to approach a task in an organized, 
strategic, and efficient manner (Anderson, 2002).  Planning both directs and evaluates behavior 
when children face a novel situation (Das, Naglieri, & Kirby, 1994).  Tasks that evaluate 
planning ability require children to prepare multiple steps of action in advance, evaluate those 
actions, and change course if necessary.  In the TOH and the TOL, children are presented with a 
number of colored disks or balls that need to be moved between three pegs in order to reproduce 
a target pattern in a set number of moves (Baker, Segalowitz, & Ferlisi, 2001).  The participant 
must keep the target pattern in mind in order to create a strategy (e.g., the particular sequence of 
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moves) and in order to evaluate progress after each move.   
 Tower of Hanoi.  The TOH involves moving three rings of different diameters and colors 
among three vertical pegs that were presented in an initial configuration (Appendix B1).  The 
overall task goal is for the child to construct the tower in the fewest number of moves.  The 
movement of the rings is constrained by three rules: (a) only one ring can be moved at a time; (b) 
larger rings cannot be placed on smaller rings; and (c) a ring must be on a peg or in the player’s 
hand.  The child is given a maximum of six problems, presented in the order of easiest to hardest 
in difficulty (Appendix B2).  The difficulty level of the problems is manipulated by changing the 
initial ring configurations and the number of rings.  The child must successfully complete a 
problem twice in succession before he or she progresses to a higher level of difficulty.  
 Planning efficiency scores reflect the number of trials needed to successfully complete 
the task. These were calculated by the NICHDSECCYD based on a coding system developed by 
Borys et al. (1982).  A maximum score of 6 was given if the task was successfully completed on 
the first two trials, a score of 5 was given if it was successfully completed on the second and 
third trials, and so on.  A score of 0 was given if the task was not successfully completed.  
Therefore, a child could have received a score of 6, 5, 4, 3, 2, or 0 on each task.  Scores on the 
individual tasks were summed to yield a total planning efficiency score with a possible range of 
0 to 36.  Higher scores indicated greater planning efficiency.   
Performance on the TOH has been analyzed extensively among children and adults with 
and without cognitive disabilities (Anzai & Simon, 1979; Borys, Spitz, & Dorans, 1982; Klahr & 
Robinson, 1981; Scholnick & Friedman, 1993; Welsh, 1991).  In studies with healthy children, it 
is sensitive to age differences (e.g., Klahr & Robinson, 1981; Welsh, 1991) and has been found 
to discriminate children with cognitive disabilities from normal controls (e.g., Welsh, 
 40 
 
  
Pennington, Ozonoff, Rouse, & et al., 1990).  Because the TOH is also unfamiliar and not tied to 
a particular knowledge base, it affords a more equal opportunity for success for children from 
diverse backgrounds.   
 Internal consistency for the TOH among the NICHDSECCYD sample was α = .75 and 
.77 for ages 9 and 11, respectively.  The TOH is sensitive to differences in intellectual, 
developmental, and neurological status as shown in different studies, providing construct validity 
with child clinical samples (i.e, ADHD, Asperger disorder, low birth weight).  However, there 
are no studies of its predictive validity (Scholnick, Friedman, & Wallner-Allen, 1997).  
 Tower of London.  The TOL is a measure of cognitive planning used with adolescents 
(Asato, Sweeney, & Luna, 2006) and was administered during a lab visit at age 15.  The purpose 
of this test is to evaluate adolescents’ ability to plan an organized sequence of moves (Berg & 
Byrd, 2002).  
 The TOL was administered as a puzzle-like game with three balls on a game board and 
three balls on a goal board presented on a computer screen.  Adolescents were asked to move 
three balls on the screen from their starting positions so that they matched the target positions 
that appeared on the screen in the fewest number of moves as possible.  Each problem could be 
solved in one to seven moves.  A complete TOL task was composed of 20 trials, the number of 
times rings were put in the start configuration by the computer application.  A summary score 
was computed by the TOL computerized scoring program for the percent of perfect solutions 
across all test trials.  Higher scores indicated greater planning efficiency.   
The TOL has been shown to have satisfactory internal consistency (α = .69) in late 
adolescents (Kaller, 2012).  Internal consistency for the TOL among the NICHDSECCYD 
sample at age 15 was α = .73 to .77.  The TOL has been identified as a valid measure of the 
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response inhibition aspect of planning (i.e., inhibition of a dominant response which is often 
inappropriate to the problem at hand, stopping of an ongoing response, or interference 
control/distractibility, Barkley, 1997) and, thus, executive functioning in children, adolescents, 
and adults (Asato et al., 2006).  Because the measures of executive functioning (TOH and TOL) 
have different metrics, z-scores were developed so that both scales are on a common metric for 
the longitudinal analyses of this dissertation. 
 Concentration.  Concentration was measured using parent/caregiver ratings of children’s 
behaviors among a subset of items (Appendix C) drawn from the Child Behavior Checklist 
(CBCL) (Achenbach, 1991) during home visits at ages 9, 10, 11, 12, and 15.  The CBCL is a 
valid and reliable measure across many different racial and ethnic groups (Achenbach & 
Rescorla, 2001) that has shown high reliability (α = .71 to .89) among parents of 6-18 year olds 
(Nakamura, Ebesutani, Bernstein, & Chorpita, 2009).  Internal consistency for the concentration 
scale among the NICHDSECCYD sample was α = .79, .79, .79, .78, and .81 for ages 9, 10, 11, 
12, and 15, respectively.  For externalizing behaviors such as concentration problems, the CBCL 
has shown moderate to high divergent validity (r = .56 to .62) among parents of 6-18 year olds 
(Nakamura et al., 2009). 
 Lack of concentration/attention was measured with six items of the CBCL drawn from 
scales that assess conduct problems.  These items assess inattention distinct from aggression or 
hyperactivity (Stormshak & Bierman, 1998) and provide a purer assessment of concentration 
rather than scales that include hyperactive or disruptive behaviors along with inattention items.  
These items are: “can't concentrate,” “daydreams,” “confused,” “poor school work,” “stares 
blankly,” and “acts young.”  For each item, the parent or caregiver rated how well that item 
described the child currently or within the last six months using a 3-point response format: 0 = 
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Not True (as far as you know), 2 = Very True or Often True.  
 Within the NICHDSECCYD, these six CBCL-derived items were summed to create a 
concentration scale.  Total scores ranged from 50 to 100 with higher scores indicating greater 
difficulty concentrating and paying attention.  
 Emotional processes.  Internalizing symptoms characterized by depressive indicators 
served as the variable representing emotional processes. 
 Internalizing symptoms.  Internalizing symptoms were measured using the 10-item 
Children’s Depression Inventory-Short form (CDI-S; Kovacs, 1992) at ages 11, 12, and 15 
(Appendix D).  The CDI-S is a widely used self-report measure of depressive symptoms that is 
valid from middle childhood through adolescence (NICHD, 2010a, 2010b).  Children are 
presented with ten sets of three statements from which they select the statement that best 
described how they have felt during the past two weeks (e.g., “I am sad once in a while,” “I am 
sad many times,” “I am sad all the time”).  Within the NICHDSECCYD, items were recoded to a 
0 to 2 scale (0 = normative behavior, 1 = middle statement, and 2 = depressive symptom) and 
summed.  Total scores range from 0 to 20, with higher scores indicating more internalizing 
symptoms.   
The short form of the CDI that was used includes 10 most internally consistent items 
from the longer 27-item form.  The CDI-S has a high internal consistency (α = .80) with children 
and adolescents (Kovacs, 1992).  Internal consistency for CDI among the NICHDSECCYD 
sample was α = .73, .76, and .81 for ages 11, 12, and 15, respectively; validation of the CDI-S 
has not yet been reported using the NICHDSECCYD.  The distributional analysis showed that 
the internalizing symptoms measure was not normally distributed (kurtosis = 7.07).  Therefore, 
the internalizing symptoms measure distribution was normalized using the square root 
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transformation.     
Academic achievement was measured using the Woodcock-Johnson Psycho-
Educational Battery – Revised (WJ-R) (Woodcock & Johnson, 1989; Woodcock & Johnson, 
1990) at ages 9, 11, and 15.  The WJ-R is a set of individually administered subtests for 
measuring a wide range of cognitive abilities and achievement.  It also yields interval-level data 
essential to assessing developmental growth over time (McGrew, 1993; McGrew & Hessler, 
1995; McGrew & Knopik, 1993).  The WJ-R consists of two test domains: subtests of cognitive 
ability (WJ-R COG) and subtests of achievement (WJ-R ACH).   
The WJ-R tests were standardized on a nationally representative sample of 6,359 
individuals aged 2- 95 years (McGrew, Werder, & Woodcock, 1991).  For norming-sample 
participants, internal consistency reliabilities (alpha) ranged from .70-.94 for the cognitive 
subtests and .94-.98 for the achievement subtests. The WJ-R COG has excellent predictive 
validity for reading achievement (Evans, Floyd, McGrew, & Leforgee, 2002; McGrew, 1993), 
math achievement (McGrew & Hessler, 1995), and has been correlated in the 0.70s with 
comparable assessments (i.e., Kaufman ABC, McCarthy, Stanford-Binet).  The WJ-R ACH has 
been correlated in the high .60s with the Boehm Test of Basic Concepts and the Bracken Basic 
Concepts Scale (McGrew et al., 1991). 
Performance on the Broad Reading and Broad Math tests was used to measure academic 
achievement at ages 9 and 11.  Broad Reading is a combination of the Letter-Word Identification 
and Passage Comprehension subtests and provides a broad measure of reading achievement.  
Broad Math is a combination of the Calculation and Applied Problems subtests and provides a 
broad measure of math achievement.  Internal consistency for Broad Reading among the 
NICHDSECCYD sample was α = .93 and .91 for ages 9 and 11, respectively.  Internal 
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consistency for Broad Math among the NICHDSECCYD sample was α = .89 and .91 for ages 9 
and 11, respectively.  Internal consistency for the administered reading subtest (Passage 
Comprehension) was α = .81 and α = .87 for the administered math subtest (Applied Problems) 
for age 15. 
Scoring was automatically done by the Compuscore for the WJ-R Software (Lamb, 
Lamb, Woodcock, Johnson, & Riverside Publishing, 1991) with calculations based on age.  Raw 
scores were converted into W scores which are a special transformation of the Rasch ability scale 
(Woodcock, 1978; Woodcock & Dahl, 1971).  The W scale has mathematical properties (e.g., 
equal interval units) that make it well suited for the interpretation of test performance 
(Woodcock, 1999).  Additional information about the WJ-R can be found in Appendix E.      
WJ-R data reduction.  Because one of the two subtests that comprise Broad Reading 
(Letter-Word Identification) and one of the two subtests that comprise Broad Math (Calculation) 
were not administered at age 15 (Wave 2), a data reduction procedure was used to create an 
academic achievement measure at age 15 from the two subtests that were administered (Passage 
Comprehension and Applied Problems).  To assess whether the single subtests used for reading 
and math at age 15 could be used to measure Broad Reading and Broad Math, an exploratory 
factor analysis was conducted by the PI and included the two reading and math subtests at ages 9 
and 11 along with the single subtest for reading and math at age 15.   
At age 15, the WJ-R Broad Reading and Broad Math scores were based on a single 
reading (Passage Comprehension) and math (Applied Problems) subtest.  However, at ages 9 and 
11 Broad Reading and Broad Math scores were based on two reading (Letter-Word 
Identification, Passage Comprehension) and two math (Calculation, Applied Problems) subtests.   
 All subtests were converted into standardized W scores which are a special 
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transformation of the Rasch ability scale (Woodcock, 1978; Woodcock & Dahl, 1971).  In order 
to assess whether the single subtests used for reading and math at age 15 could be used to 
measure Broad Reading and Broad Math, an exploratory factor analysis with oblique rotation 
was conducted and included the two reading and math subtests at ages 9 and 11 along with the 
single subtest for reading and math at age 15.  Table 9 shows the factor loadings for the five 
reading subtests measured from ages 9 to 15.  Based on an eigenvalue greater than 1.0 (3.87), 
there was a single reading factor at ages 9, 11, and 15.  Table 10 shows the factor loadings for 
the five math subtests measured from ages 9 to 15.  Based on an eigenvalue greater than 1.0 
(3.58), there was a single math factor at ages 9, 11, and 15.  Finally, the five reading and math 
subtests were factored together.  Table 11 reports the results of that analysis which produced two 
general factors – a reading factor and a math factor.  As expected, the two factors represent a 
broad academic achievement factor as indicated by the correlation between the reading and math 
factors (r = .62).  As a result, the single subtests for reading (Passage Comprehension) and math 
(Applied Problems) were used to represent Broad Reading and Broad Math in the analyses for 
age 15.  Since the scores were standardized they could be used jointly as a measure of the two 
academic achievement factors.  
 Socioeconomic status.  Socioeconomic status (SES) was measured by an income-to-
needs ratio calculated by the NICHDSECCYD, which is seen as an acceptable way of measuring 
SES (Matthews & Gallo, 2011).  The information needed to calculate this ratio was collected 
from the mother or alternate primary caregiver when the child was 9 years old using a Computer 
Assisted Telephone Interview (CATI).  Household characteristics and family income were 
combined to compute the family income-to-needs ratio by dividing the total family income by 
the poverty threshold for a household.  The poverty threshold for a household was determined by 
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the year the income was earned, the total number of members in the household, and the number 
of full-time children living in the home (Citro & Michael, 1995).  Higher ratio scores indicate 
that family income is greater than family needs.  However, this measure of SES was not 
normally distributed (kurtosis = 20.54).  Taking the log of the SES measure normalized the 
distribution.  Based on the work of Citro and Michael (1995), categories of SES level have been 
determined using the income-to-needs ratio (Appendix F).  Socioeconomic status was used in 
this categorical format (poor, near poor, not poor) in the course of data analysis. 
Data Analysis  
Overview.  Bivariate correlation coefficients were calculated for all variables of the 
conceptual model depicted in Figure 1.  Both the direct and indirect effects within the model 
were tested using Linear Mixed Models with the SAS software package.  Because multiple 
comparisons of mean differences were conducted, the p-values were Tukey-adjusted.  
As indicated in Figure 1, it was hypothesized that SES indirectly predicts academic 
achievement through the childhood obesity indices, executive functioning, concentration, and 
internalizing symptoms.  This hypothesis would support the full mediational model represented 
in Figure 1 (MacKinnon, Fairchild, & Fritz, 2007).  This full model was tested with structural 
equation modeling (LISREL v. 9.1; Joreskog & Van Thillo, 1972).  
 Missing data.  There were missing data both on specific measures and entire assessment 
waves, as is frequently the case in developmental research (Enders, 2013).  In the course of 
conducting descriptive analyses, it became clear that there were issues with variances and 
covariances of certain variables.  Many measures were assessed at multiple time points but every 
variable was not assessed at every time point.  For example, there were seven measurements of 
BMI yet only three assessments measurements of internalizing symptoms.  Because of the 
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different number of times that each measure was administered and the fact that each measure had 
missing data at different times, the data matrix had varying amounts of missing data.  For 
example, for the concentration measure, there were two missing data points at ages 13 and 14; 
for the internalizing symptoms measure, there were four missing data points at ages 9, 10, 13, 
and 14.   The variance/covariance matrix for the different measures was used as input for the 
LISREL program.  However, because the variances and covariances were based on different 
numbers of assessments for each measure, the resulting matrix created problems for the LISREL 
program: The program simply terminated without providing parameter estimates for the model 
(for a more technical discussion of this problem see Wothke, 1993).   
 One solution would have been to select only a subset of assessments so that each measure 
had no or minimal missing data.  There were, however, two problems with this solution.  First, 
each measure in the data set was assessed a minimum of three times.  Unfortunately, the three 
times of assessment were not at the same age for each measure.  Given that different measures 
were assessed at different time points, there was no compelling rationale that would guide the 
choice of which three time points to choose.  The second problem was that the elimination of 
measures would result in a loss of information for many of the central study constructs.   For 
example, if the three time periods assessed for internalizing symptoms were selected, only 
information at ages 11, 12, and 15 would be used for all other measures.  If this analytic strategy 
were chosen, the academic achievement measure would have only been included at ages 11 and 
15.  Considerable developmentally relevant information about academic achievement and other 
study constructs would be lost.  Thus, the “three-assessment strategy” would not have solved the 
original missing data problem. 
 An alternative approach was used in order to preserve as much information for each 
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measure as was possible for any given path of the model.  For example, all seven BMI 
assessments were used to determine how BMI changed as children grew older.  When the effect 
of SES on BMI was analyzed, five of the seven assessments were used because SES was 
assessed only five times.  Although some information is lost with this approach, the resulting 
parameter estimate for the effect of SES on BMI is more robust and reliable because it is based 
on more data.   
The components of the model in Figure 1 were broken into single equations that formed 
the basis of the path coefficients linking each of the model constructs.  To accomplish this, a 
linear mixed model with repeated measures and both time constant predictors (e.g., gender) and 
time varying predictors (e.g., changes in SES over time) was used.  Several models of increasing 
complexity were tested.   
The initial model focused on the direct relationship between the two childhood obesity 
indices (PA engagement and BMI) as they predict academic achievement over time.  Then, a 
more complex meditational model was tested in which PA engagement indirectly predicts 
academic achievement through executive functioning and concentration while BMI indirectly 
predicts academic achievement through internalizing symptoms.  An even more complex model 
added the role of SES. 
 The analyses were conducted using the SAS procedures MIXED (for continuous 
outcomes) and GLIMMIX (for dichotomous/categorical outcomes).  The MIXED procedure 
represents the Linear Mixed Model that is particularly useful in studies where repeated 
measurements having continuous distributions are made on the same statistical units (e.g., a 
longitudinal study).  The GLIMMIX procedure represents the Generalized Linear Mixed Model.  
This model is used for variables that are not normally distributed such as categorical outcome 
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variables.  Because one of the advantages of the Linear Mixed and Generalized Linear Mixed 
Models is their ability to deal with missing data, they are often preferred over more traditional 
approaches such as repeated measures ANOVA. 
 Unlike traditional repeated measures (e.g., ANOVA), the SAS procedures MIXED and 
GLIMMIX do not use listwise deletion to deal with missing data.  Therefore, if a child had 
missing data on one or more assessments of a specific measure but had complete information for 
other assessments of that same measure, all of the information that the child provided was used 
to estimate the parameters.  This method of calculating the parameter estimates occurs because 
the MIXED and GLIMMIX procedures use Full Information Maximum Likelihood (FIML) for 
purposes of parameter estimation.   
 Univariate and bivariate analyses.  Analyses examined the distribution of variables to 
determine if all of the continuous variables were normally distributed.  If not, transformations 
were used to normalize the distributions.  Reliability was calculated for each measure (reported 
earlier).  Tables 12 to 19 indicate that the correlations between measures across the study 
assessments were moderate to large and highly significant (p < .001).  An analysis of the 
correlations between measures within the study assessments was hampered by the fact each 
measure was not administered at each age.  These correlations would not be informative since it 
would involve cross-sectional analyses of longitudinal data.  
 Covariates. Possible covariates (e.g., race/ethnicity) were determined.  Any variable that 
was correlated with the mediators or outcomes having a significance level of p < .05 was 
considered to be a covariate.   
 Sample attrition.  A binary variable was used in which participants who drop out at any 
particular time point of the study were scored 0 and those who continued with the study were 
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scored 1.  This variable was used as an outcome in a logistic regression model designed to 
identify variables that influence sample attrition.  Predictors of systematic attrition included all of 
the variables relevant to the conceptual model. 
This analysis of attrition using logistic regression provided descriptive information about 
the correlates of missing data.  In the analyses for the hypotheses themselves, the estimation 
procedure handled missing data automatically by estimating the parameters using all the data 
each participant provided even if there were missing data for some participants.  This automatic 
estimation of parameters occurs because the procedure is based on Full Information Maximum 
Likelihood (FIML), a widely recommended approach for dealing with missing data (Allison, 
2003; Arbuckle, 1996).  These models indicated that there were no apparent patterns predicting 
sample attrition for each theoretical construct at every assessment time point over the course of 
the study.  
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Results 
  
 Most of the sample was a healthy weight, that is not overweight or obese (see Table 20 
for females and Table 21 for males), and not poor from ages 9-15.  Congruent with 
developmental trends, rates of physical activity decreased (see Table 22) and both reading and 
math achievement increased from ages 9-15 (see Tables 23 and 24, respectively).  
 The developmental trend of (linear) increased body mass and decreased PA over 
adolescence was evident in this sample.  On average, body mass index (BMI) increased from 
ages 9-15 (see Table 25).  Although nearly ¾ of the sample was at a healthy weight and BMI, on 
average, the sample was below meeting the US guideline for physical activity (PA) of moderate 
to vigorous physical activity for 60 minutes each day by approximately 57%, 71%, 77%, and 
89% at ages 9, 11, 12, and 15, respectively.  Moreover, the average number of minutes spent in 
moderate to very vigorous PA across all days declined from ages 9-15.  Physical activity as a 
main effect was a statistically significant predictor of BMI (t(948) = -5.66; p < .0001).  As the 
average number of minutes spent in moderate to very vigorous PA increased, BMI decreased 
from ages 9-15.   
 There was variation in how the study variables changed from ages 9-15 and these results 
are presented next.  Then, results corresponding to each path of the full mediational model 
represented in Figure 1 are described.  The direct relationship between childhood obesity, 
indexed by PA (path f) and BMI (path g), and academic achievement is addressed first.  The next 
set of results reports the degree to which cognitive (i.e., executive functioning, concentration) 
and emotional (i.e., internalizing symptoms) mechanisms mediate the relationship between 
childhood obesity and academic achievement in reading and math.  These results are 
disaggregated by the extent to which childhood obesity predicts executive functioning (path b1) 
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and concentration (path b2) and then the degree to which they (paths d1 and d2) predict academic 
achievement in reading and math.  A different model tested the extent to which childhood 
obesity predicts internalizing symptoms (path c) and then the degree to which they predict 
academic achievement in reading and math (path e).  Finally, results for the influence of SES on 
childhood obesity indices, PA (path a1) and BMI (path a2), as well as the role of gender in 
predicting these indices are reported for the integrated model.   
Change in Study Variables from Ages 9-15 
  
 Childhood obesity indices.  An analysis of PA as a function of age showed a statistically 
significant change in PA as children grew older [F(3, 1031) = 1860.18, p < .0001].  The t statistic 
at each age indicated that declines in PA were significantly different at each age (see Table 26).  
These results follow the national trend of declining PA levels from childhood to adolescence.  
There was also a statistically significant gender difference in PA [F(1, 1009) = 123.99, p < 
.0001].  As children grew older, females engaged in less PA (M = 120.98 minutes) compared to 
males (M = 102.15 minutes).   
 According to an analysis of BMI as a function of age, the t statistic at each age indicated 
that increases in BMI were significantly different at each age [see Table 27; F(6, 1063) = 455.97, 
p < .0001].  Table 28 indicates that there was a marginally significant difference in BMI between 
males and females at age 9 [F(6, 1038) = 2.47, p < .0221].  On average, BMI increased for males 
compared to females from ages 9-12, did not differ at ages 13-14, and was greater for males than 
females by age 15 (see Figure 2).   
 To determine if children’s overweight status significantly changed over time, a follow up 
analysis using Generalized Linear Mixed Model (GLMM) of obese, overweight, and healthy 
weight was conducted (see Tables 29, 30, and 31, respectively).  Obesity was significantly more 
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likely among males than females with 95% CIs [1.09, 1.96] as children grew older [t(1038) = 
2.56, p < .0107, OR = 1.46].  There was a statistically significant increase in the likelihood of 
being overweight as children grew older [F(6, 1063) = 162.57, p < .0001].  While there were not 
statistically significant gender differences in this model, this increase was most pronounced at 
ages 14 and 15 during the pubertal stage.  There was also a statistically significant increase in the 
likelihood of being a healthy weight as children grew older [F(6, 1038) = 4.89, p < .0001].  This 
increase was statistically different between males’ and females’ [F(1, 1038) = 7.56, p < .00061].  
Compared to females, males had lower odds of being a healthy weight (OR = 0.72) with 95% 
CIs [0.57, 0.91].  
 Cognitive and emotional mediators.  There was differential change in the cognitive and 
emotional mediators from ages 9-15.  On average, executive functioning was not completely 
linear in this sample with decreases from ages 9-11 and then slight increases by age 15 (see 
Table 32).  On average, concentration declined from ages 9-15 (see Table 33).  There was a 
statistically significant change in concentration as children grew older [F(3, 1089) = 9.52, p < 
.0001], with the t statistic at each age indicating that there were significant declines in 
concentration between ages 9 and 12, 9 and 15, as well as 11 and 15 (Table 34).   
 Congruent with developmental trends, internalizing symptoms increased over 
adolescence though they were extremely low with very little variation (see Table 35).  There was 
a statistically significant change in internalizing symptoms as children grew older [F(2, 1054) = 
29.69, p < .0001], with the t statistic at each age indicating that by age 15 internalizing symptoms 
had significantly increased compared to internalizing symptoms at age 11 and age 12 (see Table 
36).  This result is consistent with literature on increasing internalizing symptoms (e.g., 
depression) during adolescence (Hammen & Rudolph, 2003; Hankin et al., 1998; Kessler & 
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Walters, 1998).   
 Academic achievement.  The pattern of improved academic achievement in this sample 
tracks the acquisition of skills in reading and math from childhood to adolescence.  There was a 
statistically significant change in reading achievement [F(2, 1079) = 2675.75, p < .0001], with 
the t statistic at each age indicating that increases in reading achievement were significantly 
different at each age (see Table 37).  There was also a statistically significant change in math 
achievement as children grew older [F(2, 1079) = 3288.29, p < .0001]; again, the t statistic at 
each age indicating that increases in math achievement were significantly different at each age 
(see Table 38).  
 Socioeconomic status.  While most of the sample was not poor, on average, children 
were near poor at ages 9, 10, and 11 and not poor at ages 12 and 15 (see Table 39).  On average, 
socioeconomic status (SES) improved as children grew older (see Table 40).  There was a 
statistically significant change in SES as children grew older [F(4, 1084) = 6.91, p < .0001], with 
the t statistic at each age indicating that SES significantly improved from ages 9-15 (see Table 
41).   
Testing Direct Paths between Childhood Obesity and Academic Achievement    
 The relationship between childhood obesity (PA and BMI) on academic achievement 
from middle childhood through early adolescence was determined first.  Body mass index was a 
marginally significant predictor of reading achievement [t(962) = -1.68, p = .092] and a 
statistically significant predictor of math achievement [t(962) = -2.45, p = .0143].  That is, as 
BMI increased from ages 9-15 both reading and math achievement decreased from ages 9-15.  
Physical activity predicted math achievement [t(962) = -2.03, p = .0423] but not reading 
achievement.  Contrary to predictions, higher levels of PA predicted lower math scores from 
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ages 9-15.   
 Based on the MacKinnon et al. (2007) approach, all of the possible cognitive and 
emotional mechanisms included in Figure 1 were evaluated as possible mediators between 
childhood obesity, indexed by both PA and BMI, and academic achievement in reading and 
math.  The degree to which cognitive processes involving executive functioning (paths b1 and d1) 
and concentration (paths b2 and d2) mediate the relationship between childhood obesity indices 
and academic achievement was examined first.  The degree to which emotional processes 
involving internalizing symptoms (paths c and e) mediates the relationship between childhood 
obesity indices and academic achievement was examined next. 
Cognitive Mediators 
 
 The role of PA as a predictor of cognitive processes involving executive functioning 
(path b1) and concentration (path b2) was examined first.  While PA did not significantly predict 
executive functioning or concentration BMI did.  Body mass index was a statistically significant 
predictor of executive functioning [t(1042) = -4.98, p < .0001] and a marginally significant 
predictor of concentration as children grew older (t(974) = 1.75; p = .0810).  Body mass index 
continued to be a marginally significant predictor of concentration when the nonsignificant PA 
variable was removed from the model [t(1043) = 1.78, p = .0754].  As BMI increased, executive 
functioning and concentration decreased from ages 9-15.   
 The role of these cognitive processes as predictors of academic achievement in reading 
and math (paths d1 and d2) was examined next.  Reported earlier, PA did not predict reading 
achievement but BMI was a marginally significant predictor.  Executive functioning and 
concentration were statistically significant predictors of reading achievement when they were 
added to the model with BMI [t(951) = 4.77, p < .0001; t(951) = -4.89; p < .0001], with BMI no 
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longer predicting reading achievement.  Reported earlier, BMI and PA were both statistically 
significant predictors of math achievement.  Executive functioning and concentration were 
statistically significant predictors of math achievement when they were added to the model with 
PA [t(988) = 8.77, p < .0001; t(988) = -4.15, p < .0001], with PA no longer predicting math 
achievement.  Executive functioning and concentration were also statistically significant 
predictors of math achievement when they were added to the model with BMI [t(1030) = 7.44, p 
< .0001; t(1030) = -4.26, p < .0001], with BMI no longer predicting math achievement.  As 
executive functioning and concentration increased, reading and math achievement increased 
from ages 9-15. 
Emotional Mediators 
  
 The role of BMI as a predictor of emotional processes involving internalizing symptoms 
(path c) was examined next.  Body mass index was a statistically significant predictor of 
internalizing symptoms [t(1002) = 3.94, p < .0001].  As BMI increased, internalizing symptoms 
increased from ages 9-15.  The role of internalizing symptoms as predictors of academic 
achievement (path e) was also assessed.  This analysis showed that internalizing symptoms did 
not significantly predict reading or math achievement with this sample. 
Mediational Models Predicting Reading and Math Achievement 
 Childhood obesity indices indirectly predicted academic achievement through the 
cognitive processes involving executive functioning and concentration but not the emotional 
processes involving internalizing symptoms.  In particular, PA predicted BMI while BMI 
predicted the cognitive and emotional mediators (executive functioning, concentration, and 
internalizing symptoms).  Figures 3 and 4 show how these mediational effects differed for 
reading and math achievement, respectively.  Figure 5 includes the meditational effects for 
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academic achievement in reading and math indicating that the residualized correlation between 
reading and math achievement is .64.   
 Because PA predicted BMI (coefficient = -0.01, p < .0001), PA indirectly predicted 
executive functioning, concentration, and internalizing symptoms through BMI.  The cognitive 
but not emotional mediators also predicted academic achievement in reading and math (Figures 3 
and 4, respectively).  Specifically, BMI directly predicted executive functioning (coefficient = -
0.02, p < .0001), concentration (coefficient = 0.05, p = .0754), and internalizing symptoms 
(coefficient = 0.02, p < .0001).  Executive functioning (coefficient = 1.08, p < .0001) and 
concentration (coefficient = -0.22, p < .00001) predicted reading achievement though 
internalizing symptoms did not (Figure 3).  Executive functioning (coefficient = 1.72, p < .0001) 
and concentration (coefficient = -0.16, p < .0001) also predicted math achievement though 
internalizing symptoms did not (Figure 4).  Therefore, the hypothesized meditational model of 
Figure 1 was supported by childhood obesity indices predicting both reading and math 
achievement through cognitive processes (executive functioning and concentration) but not 
emotional processes (internalizing symptoms) as shown in Figure 5. 
Model Predictors 
 Finally, the role of SES as predictors of childhood obesity indices, PA (path a1) and BMI 
(path a2), was examined.  Gender was also examined as a predictor of these indices given gender 
differences in BMI (Ogden et al., 2012) and rates of PA (Nader et al., 2008; Trost et al., 2002) 
among US children and adolescents.  In the initial model, SES did not significantly predict PA or 
BMI but after removing the nonsignificant SES variable, gender predicted PA only [t(1009) = -
11.14, p < .0001].  When SES, gender, and PA were all entered into a single model predicting 
BMI, gender [t(948) = 2.07, p =.0387], SES [t(948) = -4.51, p < .0001] as well as PA [t(948) = -
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5.66, p < .0001] were statistically significant predictors of BMI.  
 There was also a statistically significant interaction between SES and ages 9, 11, 12, and 
15 predicting BMI [F(3,948) = 5.51, p = .0009].  To further understand the meaning of this 
interaction, SES was divided into three categories (poor, near poor, not poor) based on the work 
of Citro and Michael (1995).  In this categorical format of SES, the interaction between 
categorical SES and age continued to be statistically significant [F(6, 943) = 2.90, p = .0084].  
As children grew older, a descriptive trend of more obesity occurred among poor children (see 
Table 42) with those who were the poorest having greater BMI than those who were least poor 
(see Tables 43 to 46).  By age 15, the BMI of children who were poor was significantly higher 
compared to the BMI of children who were not poor (see Table 47).   
An Integrated Model 
 An integrated model with the direct and indirect path coefficients that includes SES and 
gender as model predictors is presented in Figure 6.  The hypotheses tested in this dissertation 
were largely supported.  Socioeconomic status predicted only one childhood obesity index 
variable (BMI); an interaction between SES and ages 9 (coefficient = 0.57), 11 (coefficient = 
0.45), 12 (coefficient = 0.14), and 15 (the reference group) predicted BMI (p < .0001).  Gender 
predicted both childhood obesity indices, BMI (coefficient = -0.48, p < .0387) and PA 
(coefficient = -18.83, p < .0001).  Physical activity also predicted BMI (coefficient = -0.01, p < 
.0001). 
 Physical activity indirectly predicted cognitive processes, executive functioning and 
concentration, through BMI.  Although not hypothesized, BMI directly predicted executive 
functioning (coefficient = -0.02, p < .0001) and marginally predicted concentration (coefficient = 
0.05, p = .0754).  Body mass index also predicted emotional processes involving internalizing 
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symptoms (coefficient = 0.02, p < .0001).   
 Cognitive processes predicted academic achievement.  Specifically, executive 
functioning predicted reading (coefficient = 1.08, p < .0001) and math achievement (coefficient 
= 1.72, p < .0001).  Concentration predicted reading (coefficient = -0.22, p < .00001) and math 
achievement (coefficient = -0.16, p < .0001).  Internalizing symptoms did not predict reading or 
math achievement.  Therefore, the hypothesized meditational model was supported by childhood 
obesity indices predicting both reading and math achievement through cognitive processes 
(executive functioning and concentration) but not emotional processes (internalizing symptoms).  
Power of the Integrated Model 
 Since this study was non-experimental and, for the most part, involved continuous 
variables, the effect size indicator of eta-squared was used.  The values of eta-squared were 
based on the t- and F-ratios reported in the Linear Mixed Models used in the analyses.  
Unfortunately, Linear Mixed Models do not provide a measure of model fit (e.g., R-Square). 
 In general, the effect sizes were quite low.  However, in most instances the sample sizes 
(ranging from 900 to 1200 children) were more than adequate to find significant differences.  
The eta-squared for the effect of gender as a predictor of PA was .11 which is considered 
moderately low according to Cohen’s (1988) characterization of effect sizes.  However, given 
the sample size for this particular analysis (n = 1011), power = .99.   The eta-squared for PA as a 
predictor of BMI was .03 and considered small based on Cohen’s criteria.  However, again, with 
a sample size of 955 children, power = .99.  With a sample size of 951, power for the interaction 
between SES and age predicting BMI was .96 even though the effect size was small (eta-squared 
= .02).  Power for BMI as a predictor of executive functioning was .99 based on the sample size 
of 1043 children and a small effect size (eta-squared = .023).  Based on a sample size of 1045 
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children and a small effect size (eta-squared = 0.003), power for BMI as a predictor of 
concentration was only .51 because the path from BMI to concentration was marginally 
significant (p = .0754).  The effect size for BMI as a predictor of internalizing symptoms was 
again small (eta-squared = .02) but with a sample size of 1004 children, power was equal to .94.   
 With regard to the academic achievement measures, both executive functioning and 
concentration were significant predictors of reading achievement.  Once again, the effect sizes 
were small (eta-squared = .023 for executive functioning and .024 for concentration).  However, 
for the sample size involved (n = 954 children), power for both predictors was .99.  The same 
picture emerged for math achievement.  For the sample size involved (n = 1032 children), power 
was .99 for executive functioning (eta-squared = .05) and for concentration (eta-squared = .02).  
Thus, the study was amply powered to find even small effect sizes. 
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Discussion 
 
  There is a large, scattered literature to support the connection between childhood obesity, 
cognitive processes, emotional processes, and academic achievement from ages 9 to 15.  The 
present study represents an effort to develop and test an integrated model of these disparate 
components.  Specifically, this study tested whether the influence of childhood obesity (indexed 
by PA and BMI) on academic achievement is mediated by the influence of several cognitive and 
emotional processes that have been shown in past studies to have independent effects: executive 
functioning, concentration, and internalizing symptoms.  In addition, included in the integrated 
model was the test of the antecedent role of SES on indices of childhood obesity. 
An Integrated Model 
 Many of the hypothesized paths in the proposed model (Figure 1) were supported in the  
integrated model (Figure 6).  This integrated model indicates the degree to which cognitive (i.e., 
executive functioning, concentration) and emotional (i.e., internalizing symptoms) processes 
mediate the relationship between childhood obesity and academic achievement in reading and 
math.  The relationship that was found between childhood obesity, cognitive processes, and 
academic achievement will first be discussed.  These results are disaggregated by the extent to 
which childhood obesity predicts executive functioning (path b1) and concentration (path b2) and 
then the degree to which they predict academic achievement (paths d1 and d2, respectively).  The 
extent to which childhood obesity predicts internalizing symptoms (path c) and then the degree 
to which they predict academic achievement (path e) will be examined next.  Finally, the 
influence of SES on childhood obesity indices, PA (path a1) and BMI (path a2), as well as the 
role of gender in predicting these indices is discussed.   
 Cognitive Processes.  Several pathways of the proposed model tested how childhood 
obesity predicts academic achievement through cognitive processes such as executive 
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functioning and concentration.  A main difference between the proposed and integrated models 
was the relationship that was found between the childhood obesity indices (PA and BMI), 
executive functioning (path b1), and concentration (path b2).  Surprisingly, BMI but not PA 
predicted executive functioning and concentration from ages 9 to 15.  Compared to children with 
a higher BMI, children with a lower BMI throughout this 6-year period had better executive 
functioning performance and levels of concentration.  However, because PA predicted BMI it 
was, in turn, an indirect predictor of both cognitive mediators.  That is, compared to children 
who were less physically active from ages 9 to 15, children who were more physically active had 
a reduced BMI and higher executive functioning performance and levels of concentration. 
  Two experimental studies (Davis et al., 2007; Davis et al., 2011) demonstrated a positive 
relationship between a high dose of physical activity and executive functioning performance 
among overweight children.  Therefore, the finding that PA did not directly predict executive 
functioning but that its effects on executive functioning were mediated through BMI is consistent 
with past research indicating that this relationship may depend on whether the study sample is 
healthy weight or overweight.  The other finding, that PA did not directly predict concentration 
but that it indirectly had an effect on concentration through BMI, is less consistent with past 
research.  For example, one experimental study involving school-based PA found that 9-10 year 
olds who walked outside the classroom showed more improved scores on a standardized 
concentration test than the group who had a classroom lesson (Caterino & Polak, 1999). 
 The majority of past studies that have reported a positive relationship between PA and 
cognitive processes involving executive functioning or concentration were conducted in a school 
setting and involved either self report PA data or assignment to an exercise group.  The present 
study used accelerometer PA data that objectively measured time spent in moderate to very 
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vigorous activity in and out of school.  Perhaps findings from school-based studies are 
misleading since youth engagement in PA often occurs outside of the school setting.  Moreover, 
past studies supporting a positive relationship between PA and executive functioning or 
concentration have not examined if and how these relationships are dependent on the BMI of the 
study sample.  
 The proposed model also included hypothesized paths indicating that executive 
functioning (path d1) and concentration (path d2) predict academic achievement.  These 
relationships were found in the present study with higher executive functioning performance and 
concentration levels predicting improved academic achievement in reading and math from ages 9 
to 15.  These findings contribute to the research literature by helping to establish executive 
functioning and concentration as cognitive processes that predict academic achievement.  Prior 
to this study, only one had demonstrated that the relationship between executive functioning and 
academic achievement persists over time (Miller & Hinshaw, 2010): Higher executive 
functioning predicted higher standardized math scores among 6-12 year old girls over a 5-year 
period.  And prior to this study, there had been essentially no empirical work done on the 
relationship between the ability to concentrate and academic achievement.  
 Hypothesized pathways of the proposed model indicated that greater PA would predict 
higher executive functioning performance and concentration levels which would lead to 
improved academic achievement.  However, the integrated model indicates that reduced BMI 
predicted improved academic achievement in reading and math through higher executive 
functioning performance and concentration levels.  A key element of these findings is the impact 
of PA on BMI.  While the effect of PA was not as central to the model as was hypothesized, its 
effects on cognitive processes and ultimately academic achievement in reading and math were 
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mediated through BMI.  The integrated model shows that greater PA led to lower BMI which, in 
turn, predicted higher executive functioning performance, higher concentration levels, and then 
improved academic achievement from ages 9 to 15.  Physical activity improves general 
circulation, increases blood flow to the brain, and raises levels of norepinephrine and endorphins 
(Fleshner, 2000) – all of which may reduce stress, improve mood, and induce a calming effect 
after exercise as well as help children maintain a healthy weight.  At the same time, researchers 
have posited that PA affects cognitive processing such as engagement in goal directed, effortful 
mental involvement (Tomporowski et al., 2008) that may transfer to classroom settings and 
improve academic performance (Taras, 2005).  The present study demonstrates that as long as 
increased PA results in reduced BMI, children and adolescents age 9 to 15 can show enhanced 
cognitive processing abilities (i.e., executive functioning and concentration) which can lead to 
improved reading and math achievement. 
 Emotional Processes.  Another pathway of the proposed model tested how BMI predicts 
academic achievement through emotional processes such as internalizing symptoms.  The 
integrated model indicates that, as hypothesized in the proposed model (path c), BMI predicted 
internalizing symptoms from ages 12 to 15 and during early adolescence.  Compared to 
adolescents with a lower BMI, adolescents with a higher BMI throughout this 3-year period had 
more internalizing symptoms.  This finding extends past research in two ways: (a) Longitudinal 
studies have shown that teachers’ reports of internalizing symptoms for overweight 6-10 year 
olds (Gable et a., 2009) and 5-11 year olds (Gable et al., 2012) were positive but the present 
study employed children’s own reports of internalizing symptoms; (b) Adolescents with higher 
BMI have been more likely to report increased internalizing symptoms (Fallon et al., 2005) but 
the present study used a longitudinal design to test this relationship during early adolescence and 
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found that higher BMI predicted more internalizing symptoms through age 15. 
 Being overweight is widely considered a stigmatizing condition (Allon, 1982; Brownell, 
Puhl, Schwartz, & Rudd, 2005).  Living with stigma can be very stressful and being a member of 
a stigmatized group brings with it widely held beliefs and expectations (for a theoretical 
perspective, see Miller & Kaiser, 2001).  In an appearance-oriented society such as the United 
States, violating such visible and readily judged norms elicits discomfort.  For adults, the stress 
associated with these expectations is manifested as heightened self-awareness, anxiety, shame 
(Fredrickson & Roberts, 1997), and compromised intellectual performance (Fredrickson, 
Roberts, Noll, Quinn, & Twenge, 1998; Steele & Aronson, 1995).  For children ages 5 to 11, the 
stigma-based stress accompanying overweight is similarly linked with internalizing symptoms 
and predicts poorer math achievement (Gable et al., 2012).  It is conceivable that early 
adolescents with weight problems also perform poorly in math, and perhaps reading, because 
their emotional well-being is compromised by peer relational problems associated with being a 
member of a marginalized group.  This conceptualization could have explained why overweight 
status among early adolescents may result in internalizing symptoms and subsequently result in 
poor academic achievement.   
 The proposed model included a hypothesized path indicating that internalizing symptoms 
predict academic achievement (path e).  The integrated model shows that a relationship between 
internalizing symptoms and academic achievement in reading and math was not supported in the 
present study.  These findings are consistent with a few longitudinal studies that have found no 
relationship between teacher or parent reports of 5-11 year olds’ internalizing symptoms and 
academic achievement (Duncan et al., 2007) or parent reports of 8-year olds’ internalizing 
symptoms and academic achievement 22 years later (Masten et al., 2005).  In the context of the 
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present study, internalizing symptoms were relatively low in the sample resulting in limited 
variation.  This limited variation precluded the detection of the effects of internalizing symptoms 
on academic achievement in reading or math.  Therefore, the hypothesized meditational model 
was supported by childhood obesity indices predicting both reading and math achievement 
through cognitive processes (executive functioning and concentration) but not emotional 
processes (internalizing symptoms). 
 Model Predictors.  Several pathways of the proposed model tested the antecedent role of 
SES on childhood obesity indices, PA (path a1) and BMI (path a2), as well as the role of gender 
in predicting these indices.  The integrated model indicates that, as hypothesized, gender 
predicted both PA and BMI.  Congruent with developmental trends, on average, females engaged 
in less PA (Nader et al., 2008) and had a lower BMI (Malina, 1999) compared to males from 
ages 9 to 15.  Consistent with past research, males were more active than females during middle 
childhood (Riddoch et al., 2004; Troiano et al., 2008; Trost et al., 2002) but their rate of decline 
in PA was the same (Nader et al., 2008).  As the average number of minutes spent in moderate to 
very vigorous PA increased among males and females, BMI decreased from ages 9-15 which has 
also been reported elsewhere (Mitchell et al., 2013). 
 Dissimilar to what was hypothesized in the proposed model, the integrated model shows 
that SES predicted only one childhood obesity index, BMI.  Because an interaction was found 
between SES and ages 9, 11, 12, and 15, a categorical approach was used to interpret the 
interaction: By age 15, the BMI of children who were poor was significantly higher than that of 
children who were not poor.  This finding has implications for the integrated model given the 
centrality of BMI in predicting cognitive and emotional processes as well as academic 
achievement.  Reduced BMI predicted higher executive functioning performance and 
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concentration levels which led to improved academic achievement in reading and math.  
Therefore, the effects of lower SES on improved academic achievement occurred indirectly 
through reduced BMI.   
 Past research indicates that socioeconomic forces shape obesity indices (PA and BMI) 
across childhood and adolescence (Hanson & Chen, 2007; Singh, Kogan, Van Dyck, & 
Siahpush, 2008).  Although complex patterns in the association between SES and overweight 
among American children and adolescents exist (Wang & Zhang, 2006), a few are relatively 
clear.  First, members of lower SES tend to eat more processed foods than those of middle or 
upper SES (Darmon & Drewnowski, 2008).  Individuals who live in lower SES neighborhoods 
typically have less access to healthy food and safe places to exercise (Lovasi, Hutson, Guerra, & 
Neckerman, 2009).  The influence of SES on these health behaviors, known as the social 
causation hypothesis (Fox, Goldblatt, & Jones, 1985; Haan, Kaplan, & Syme, 1989), has 
important implications for children and adolescent health outcomes, particularly obesity risk 
(Novak, Ahlgren, & Hammarström, 2005).  According to the social causation hypothesis, SES 
would drive the proposed model pathways in which (path a1) youth who engage in less PA 
(Patrick et al., 2004) and (path a2) youth with greater BMI (and typically with less healthy diets; 
Delva, Johnston, & O’Malley, 2007) are at increased risk for overweight and obesity.  However, 
the integrated model shows that, while SES predicted BMI with the BMI of poor children being 
higher compared to the BMI of children who were not poor, SES did not predict levels of PA.   
 One explanation for the lack of a relationship between SES and PA is that the present 
study involved a secondary analysis of longitudinal data, children born in 1991 and their 
families.  The data included in these study analyses were collected annually when the sample 
was 9 years old (2000) and ceased when they turned 15 years old (2007).  Based on national 
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CDC data such as the School Health Policies and Practices Survey (SHPPS) and the Youth Risk 
Behavior Survey (YRBS), instruction time for PE classes and physical activity opportunities 
during and after school started to decrease in 2000 (Calbom, 2012).  This effort to eliminate 
recess and other forms of PA was a direct function of budget cuts and affected children and 
adolescents (Story et al., 2006).  It is plausible that as budget cuts to eliminate PA opportunities 
occurred over the same time frame that the NICHDSECCYD data were collected, the connection 
between SES and PA levels was less pronounced due to reduced variation in PA across the SES 
gradient.  It is also plausible that SES increased because of improving economic conditions in the 
United States from 2000 to 2007. 
Strengths and Limitations 
 The present study is not without limitations.  First, the majority of children are White 
(78.8%).  Thus, the sample was not sufficiently diverse enough to test differences in the 
integrated model relationships by ethnic groups.  Second, based on an income-to-needs ratio 
(ratio of < 2.0 is considered low-income; Citro & Michael, 1995), nearly 75% of the sample 
lived in families that did not quality as low-income.  Therefore, the relationships indicated in the 
integrated model are not necessarily generalizable to lower income groups.  Third, while many of 
the study variables were measured objectively (i.e., accelerometer PA data, standardized test 
scores in reading and math), the concentration indicator was parent report and should be 
interpreted as only a partial measure of children’s concentration ability.  Finally, there were 
missing data both on specific measures and entire assessment waves, as is frequently the case in 
developmental research (Enders, 2013).  Due to this reality, the mediators shown in the 
integrated model were not examined simultaneously which limits the statistical power of the 
relationships among them. 
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At the same time, the present study has a number of strengths.  Longitudinal data were 
employed and the longitudinal analysis was able to examine multiple mediators of academic 
achievement.  Engagement in physical activity was measured objectively both inside and outside 
the school setting.  A limitation of most studies examining the relationship between PA 
engagement and academic achievement is that they have employed measures of school-based PA 
engagement only (CDC, 2010a).  Regular opportunities for PA engagement across many 
different settings have the potential to provide health and academic benefits.  The present study 
accounted for the full range of physical activities inside and outside of school that might predict 
academic achievement.   
Most importantly, this study extends work on obesity and achievement beyond middle 
childhood to adolescence.  Researchers have suggested that efforts designed to promote 
academic success among adolescents may also reduce health-risk behaviors, such as physical 
inactivity (Hawkins, 1997), that contribute to the leading causes of death, disability, and social 
problems (CDC, 2010b).  The integrated model helped to clarify the directionality of the 
relationship between adolescent obesity and academic achievement through age 15.  
Finally, previous research has not elucidated how SES might act as an antecedent that 
predicts academic achievement through multiple mediators.  Research to date has been limited to 
demonstrating the relationship between greater youth fitness and better academic achievement 
exists after controlling for SES (Basch, 2011; Cottell et al., 2007; Roberts et al., 2010).  
Although homogeneity in SES limited the generalizability to children living in poverty, the 
present study’s integrated model provides evidence to support SES as a direct predictor of the 
childhood obesity index of BMI and indirect predictor of academic achievement through 
cognitive mediators.  Furthermore, even under changing circumstances in which the SES of the 
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study sample significantly improved over time, the proposed model was largely supported. 
Future Research 
Future research is needed to better understand how childhood obesity predicts levels of 
academic achievement from middle childhood to early adolescence.  Replication of the 
relationships shown in the integrated model would be a first step toward advancing knowledge in 
this area of work.  If these relationships were replicated using a contemporary sample, there 
could be greater confidence that the present findings would remain stable or become stronger 
over time.   
The integrated model presented a few surprise findings: specifically, that BMI, but not 
PA, directly predicted cognitive processes such as executive functioning and concentration from 
ages 9 to 15.  However, the research literature supports the connection between PA and these 
cognitive mediators.  An emerging area of study would be to identify explanations for why BMI 
predicts executive functioning and concentration from middle childhood to early adolescence.  
Moreover, there is a need to test the relationship between internalizing symptoms and academic 
achievement in reading and math with adolescents who provide a wider range of internalizing 
symptoms than did the NICHDSECCYD.  A broader variation in internalizing symptoms may 
make it possible to detect the degree to which they predict academic achievement in reading or 
math.   
Most importantly, future studies need to test the relationships shown in the integrated 
model with more diverse samples including using data from lower income youth (i.e., those with 
an income-to-needs ratio of < 2.0; Citro & Michael, 1995).  Demonstrating these relationships 
with this vulnerable population is critical to identifying solutions that may reduce and ultimately 
eliminate disparities among youth at greatest risk of obesity and poor academic outcomes.  
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Additionally, the design of intervention studies should take into consideration the great variation 
in BMI across youth and strive to recruit participants across the continuum from healthy weight 
to overweight to clinically obese.  A top priority when designing intervention studies should also 
be to recruit children and adolescents across the full SES gradient from poor, lower income, 
middle income, to upper income in both absolute terms and relative to the geographical area in 
which they live. 
To the furthest extent possible, future studies should also employ objective measures of 
PA that assess activities beyond those that are school-based.  An assessment of physical 
activities across many different settings, including afterschool and out of school environments, 
has the potential to provide greater knowledge about the benefits of physical activity, further 
elucidating how childhood obesity predicts academic achievement from middle childhood to 
early adolescence.     
Implications 
 There are both clinical and policy implications stemming from the relationships shown in 
the integrated model.  From a clinical perspective, interventions designed to reduce BMI through 
moderate to vigorous PA remain critical to achieving positive health outcomes in children and 
adolescents.  The findings of the present study suggest that these interventions also impact 
academic outcomes by reducing BMI and enhancing cognitive functioning.  School exercise 
programs and other single interventions to reduce BMI have worked with varying degrees of 
success.  This variably points to the need for a broad set of policy measures in an effort to 
increase PA, reduce BMI, and improve academic achievement through higher executive 
functioning performance and concentration levels. 
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 Among many education reform options, policy makers have not typically considered 
physical activity to be an important strategy for strengthening academic performance in children 
and adolescents.  In 2010, Congress signed into law the Healthy, Hunger-Free Kids Act (S.3307) 
that requires states and local governments to adhere to stronger nutrition standards in schools 
(Prokop, et al., 2011).  Unfortunately, there are no corresponding federal regulations that require 
physical activity in schools.  By making the connection between physical activity policies, 
reduced BMI, and positive academic outcomes through cognitive performance, policy makers 
can enact solutions that help enhance students’ academic performance while improving their 
overall health.   
 Recommended physical activity policies should include moderate to vigorous PA as a 
component given its direct relationship to BMI reduction and indirect relationship to enhanced 
cognitive performance in executive functioning, higher concentration levels, and improved 
academic achievement in reading and math.  For example, Mandatory Daily Active Recess is a 
policy approach that establishes recess as a time for all children to engage in moderate to 
vigorous levels of PA during free play or structured games (Chierici, Powell, & Manes, 2013).   
Since physical activity behaviors are often established during middle childhood (Pate, 
Baranowski, Dowda, & Trost, 1996), a physical activity mandate such as Mandatory Daily 
Active Recess during school, where children spend the majority of their day, may provide a 
means of improving health and academic performance across the lifespan.  Similar policies are 
also needed in afterschool settings and out of school environments in order to help children and 
adolescents maintain health and academic benefits. 
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Conclusions 
 The goal of this dissertation was to identify how childhood obesity indices lead to 
academic achievement through cognitive and emotional processes (i.e., executive functioning, 
concentration, internalizing symptoms).  While this area of research is in its infancy, national 
interest from both a research and policy perspective is growing.  Most recently, the Institute of 
Medicine released Educating the Student Body: Taking Physical Activity and Physical Education 
to School, a report that, in part, examines the relationship between physical activity and 
academic outcomes.  These relationships are important in their own right but the integrated 
model employed in the present study contributes to this body of evidence by moving beyond 
description toward explanation.  Namely, childhood obesity indices predicted both reading and 
math achievement through cognitive mediators including executive functioning and 
concentration.  Given that the research identifying how childhood obesity predicts academic 
achievement is just beginning, replication of these mediated relationships is greatly needed.  A 
better understanding of the generalizability of these relationships could lead to more informed 
programs and policies aimed at improving academic achievement in children and adolescents.   
 During a time of progressively more high stakes testing, there is a growing need to 
understand factors that produce positive academic outcomes in children and adolescents.  In the 
context of the present study, the level of PA engagement was an important factor due to its direct 
effect on BMI as well as its indirect effect on the cognitive mediators and academic outcomes.  
Specifically, greater moderate to very vigorous PA predicted lower BMI among 9 to 15 year olds 
leading to improved academic achievement through higher executive functioning performance 
and concentration levels.  These findings emphasize the importance of moderate to very vigorous 
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PA, in particular, and its mediating role in producing positive outcomes on academic 
achievement tests through cognitive processes.  
 Since 2009 and First Lady Michelle Obama’s unveiling of Let’s Move, a nationwide 
campaign to help today’s youth reach adulthood at a healthy weight, the national conversation 
around childhood obesity has shifted from problem-oriented to solution-oriented.  Clinical, 
legislative, and grassroots efforts have begun to converge on solutions.  For one, in order to 
stabilize, reduce, and ultimately reverse childhood obesity, physical activity must be put back 
into the school day during a time when physical education and recess periods are being 
eliminated to make more time for academic instruction.  In addition, physical activity must be 
integrated throughout afterschool activities as well as those occurring in out of school 
environments.  The present study not only supports the need for implementation of these 
solutions from a health perspective but also elucidates how they can produce improved academic 
achievement among children and adolescents.  Health and academic indicators do not exist in 
silos but, instead, are connected in a way that may influence youth development and later life 
outcomes. 
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Table 1 
 
Studies of the Relationship between Physical Activity and Academic Achievement  
 
 
Study Citation 
 
Sample 
 
Design and Data Collection 
 
 
Intervention 
Conditions 
 
 
Results 
     
Bartholomew, 
J. B., & 
Jowers, E. M. 
(2011) 
N: Six classrooms  
Age in years: 9-10  
Gender: N/A 
Design: Quasi-
experimental (nonrandom 
assignment) 
Data Collection: A spelling 
retention test 
Treatment: Physically 
active lessons (e.g., 
graphing running 
distance or time on a 
jump rope)  
Control: Normal 
spelling instruction 
 
After two weeks, children's 
retention of spelling was 
moderately enhanced (d = 
0.63; p < .05) following the 
use of lessons emphasizing 
physical activity rather than 
spelling lessons.   
Carlson, S. A., 
Fulton, J. E., 
Lee, S. M., 
Maynard, L. 
M., Brown, D. 
R., Kohl, H. 
W., 3rd, & 
Dietz, W. H. 
(2008) 
 
N: 5316 
Age in years: 5-11  
Gender: 52% female  
 
Design: Cross-sectional  
Data Collection: Teacher 
reports of student 
participation in P.E. 
classes; Standardized test 
scores in math and reading 
 
None Higher math and reading 
scores for females were 
associated with the highest 
(70-300 minutes/week) 
versus the lowest (0-35 
minutes/week) P.E. exposure 
with 95% CIs [0.3, 3.1] for 
math and [1.2, 4.4] for 
reading. 
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Coe, D. P., 
Pivarnik, J. M., 
Womack, C. J., 
Reeves, M. J., 
& Malina, R. 
M. (2006) 
 
 
 
 
 
 
 
N: 214 
Age in years: 11-12 
Gender: 49% female  
 
 
 
 
Design: Cross-sectional  
Data Collection: Self 
reports of physical activity 
in and out of school; 
Grades in the core classes 
(math, science, English, 
and world studies) and a 
standardized test score 
measuring reading, math, 
science, and social studies 
 
 
 
 
None  
 
 
 
Children participating in 
vigorous physical activity 
(20 minutes for 3 days/week) 
was associated with higher 
grades than those who did 
not in the first (x2 = 10.1; df 
= 2; p < .006) and second (x2 
= 6.05; df = 2; p < .049) 
semesters of the school year. 
 
Crosnoe 
(2002) 
N: 2651 
Age in years: 14-16 
Gender: 53% female  
 
Design: Large-scale, 
Longitudinal 
Data Collection: Self 
identifying as an athlete or 
nonathlete; Self reports of 
grades 
 
None  Grade point averages were 
higher for athletes in 
comparison to nonathletes 
(females b = .06; p < .01; 
males b = .05; p < .05). 
 
Davis, C. L., 
Tomporowski, 
P. D., 
McDowell, J. 
E., Austin, B. 
P., Miller, P. 
H., Yanasak, 
N. E., Allison, 
J. D., & 
Naglieri, J. A. 
(2011) 
 
N: 170 overweight 
Age in years: 11 
Gender: 56% female  
 
Design: Experimental  
Data Collection: 
Standardized test scores in 
math and reading 
administered immediately 
before and after the 
intervention period 
 
Treatment: Exercise 
program of 
Low dose (20 
minutes/day) or  high 
dose (40 
minutes/day) 
Control: No exercise  
 
After 13 weeks, math scores 
were higher for children in 
the high dose exercise 
condition than the no 
exercise control condition 
(t(135) = 2.03; p = .045). 
 
  
  
77 
Table 1 Cont’d 
 
 
Donnelly, J. E., 
Greene, J. L., 
Gibson, C. A., 
Smith, B. K., 
Washburn, R. 
A., Sullivan, 
D. K., DuBose, 
K., Mayo, M. 
S., Schmelzle, 
K. H., Ryan, J. 
J., Jacobsen, D. 
J., & Williams, 
S. L. (2009) 
 
 
 
 
N: 1527 
Age in years: 7-12 
Gender: 52% female 
 
 
 
Design: Quasi-
Experimental (nonrandom 
assignment) 
Data Collection: A 
standardized test score 
measuring reading, writing, 
math, and language skills  
 
 
 
Treatment: Moderate 
to vigorous 
physically active 
academic lessons 90 
minutes/week (n = 14 
schools)  
Control: No 
physically active 
lessons (n = 10 
schools) 
 
 
 
 
After three years, children 
assigned to receive the 
physically active lessons 
improved overall 
performance on standardized 
tests by 6% compared to a 
decrease of 1% for children 
in control schools (p < .01). 
Edwards, J. U., 
Mauch, L., & 
Winkelman, 
M. R. (2011) 
N: 800 
Age in years: 11-12 
Gender: 52% female 
Design: Cross-sectional 
Data Collection: Self 
reports of physical activity 
in and out of school; 
Standardized test scores in 
math and reading 
 
None Higher math and reading 
scores were associated with 
increased PA (up to a 
vigorous intensity level) with 
95% CIs [226.19, 228.15] for 
math and [216.54, 218.41] 
for reading.  Higher math 
scores were associated with 
sports team participation 
with 95% CIs [226.14, 
228.26]. 
 
Eitle, T. M., & 
Eitle, D. J. 
(2002) 
 
N: 5018 
Age in years: 15-16 
Gender: 52% female 
Design: Cross-sectional 
Data Collection: Self 
reports of sports 
participation during non- 
None Sports participation was 
positively associated with 
grades (OR = 1.45; p < .001). 
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school hours; Self reports 
of grades in math, science, 
reading, and history as well 
as a standardized test score 
measuring math and 
reading 
 
Eitle, T. M. 
(2005) 
 
 
N: 10087 
Age in years: 15-16 
Gender: 52% female 
Design: Cross-sectional 
Data Collection: Self 
reports of sports 
participation during non-
school hours; Standardized 
test scores in math, 
science, reading, and 
history 
 
None Sports participation was 
positively associated with 
females’ reading scores 
when compared to males’ 
reading scores (t = 5.65; p < 
.001). 
Fox, C. K., 
Barr-
Anderson, D., 
Neumark-
Sztainer, D., & 
Wall, M. 
(2010) 
 
 
 
 
 
 
 
N: 4746 
Age in years: 13-18 
Gender: 50% female 
Design: Cross-sectional 
Data Collection: Self 
reports of physical activity 
in and out of school; Self-
reports of grades converted 
to grade point averages 
None Grade point average (GPA) 
was higher for 11-13 year 
old males on sports teams 
compared to those males 
who were not (t = 2.03; p = 
.043).  Sports team 
participation was associated 
with a higher GPA among 
14-18 year olds (males t = 
6.41, p < .001; females t test 
= 5.99, p < .001).  A higher 
GPA was associated with 11-
13 year old males’ (t = 1.98; 
p  = .048) as well as 14-18  
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year old males’ (t = 2.86; p  
= .004) PA of a moderate-to- 
vigorous intensity level (with 
girls experiencing a similar 
trend), 14-18 year old males’ 
and females’ sports team 
participation (males t = 5.63; 
p < .001; females t = 4.71; p 
< .001), and 14-18 year old 
females’ PA in-and-out-of 
school (t = 2.96; p = .003). 
 
Hillman, C. H., 
Pontifex, M. 
B., Raine, L. 
B., Castelli, D. 
M., Hall, E. E., 
& Kramer, A. 
F. (2009) 
 
N: 20 
Age in years: 9 
Gender: 40% female 
Design: Quasi-
experimental (nonrandom 
assignment) 
Data Collection: 
Standardized test scores in 
reading, spelling, and math 
administered to each child 
after the intervention 
period 
 
Treatment: 20 
minutes of walking 
on a treadmill at 60% 
of estimated 
maximum heart rate 
Control: Resting 
session 
 
Children who walked on the 
treadmill had higher reading 
scores following their 
exercise session compared to 
children in the resting 
session (t = 2.6; p = .016).   
Hollar, D., 
Messiah, S. E., 
Lopez-Mitnik, 
G., Hollar, T. 
L., Almon, M., 
& Agatston, A. 
S. (2010) 
 
N: 1197 
Age in years: 6-13 
Gender: No 
significant 
differences between 
intervention and 
control schools (p = 
0.063) 
Design: Quasi-
experimental (nonrandom 
assignment) 
Data Collection: 
Standardized test scores in 
reading and math 
Treatment: 10-
minutes of  
classroom-based 
physical activities 
reinforcing learning 
objectives in multiple 
subject areas (n = 4 
schools) 
After two years, children and 
adolescents at schools 
assigned to receive the 
classroom-based physical 
activities had higher math 
scores only compared to 
children and adolescents who 
were not (p < .001). 
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Control: No 
classroom-based 
physical activities (n 
= 2 schools) 
 
Miller, K., 
Melnick, M., 
Barnes, G., 
Farrell, M., & 
Sabo, D. 
(2005) 
 
N: 586 
Age in years: 14-19 
Gender: 55% female 
Design: Large-scale, 
Longitudinal 
Data Collection: Self 
reports of athletic 
participation (being a 
member of a sports club 
and total number of athletic 
activities); Self reports of 
grade point average 
 
None Female athletes reported a 
higher grade point average 
than female nonathletes (b = 
0.12; p < .01). 
 
Nelson, M. C., 
& Gordon-
Larsen, P. 
(2006) 
N: 11957 
Age in years: 12-18 
Gender: 50% female 
Design: Cross-sectional 
Data Collection: Self 
reports of participation in 
school-based physical 
education (P.E.), school-
based sports, and use of 
recreation centers; Self 
reports of grades in math 
and reading 
 
None Adolescents with more than 
5 periods a week of 
moderate-to-vigorous 
school-based PA were more 
likely to report higher grades 
in math (ARR: 1.08) with 
95% CIs [1.01, 1.15] and 
reading (ARR: 1.06) with 
95% CIs [0.99, 1.13].  
 
Reed, J. A., 
Einstein, G., 
Hahn, E., 
Hooker, S. P., 
Gross, V. P., &  
N: 155 
Age in years: 8-9 
Gender: 43% 
Design: Quasi-
experimental (nonrandom 
assignment) 
Data Collection: Physical 
activity measured  
Treatment: 
Classroom-based 
physical activities 
integrated into the 
core curriculum  
After three months, children 
in classrooms assigned to 
receive the classroom-based 
physical activities had higher 
social studies scores  
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Kravitz, J. 
(2010) 
 
 
 
 
 
 
objectively using a 
pedometer; Standardized 
test scores in language arts, 
math, science, and social  
studies 
 
 
 
approximately 30 
minutes/day, 3 
days/week (n = 3 
classrooms) 
Control: No 
classroom-based 
physical activities (n 
= 3 classrooms) 
 
 
 
 
compared to children who 
were in control classrooms (t 
= 2.936; p = .004). 
Stephens, L. J., 
& Schaben, L. 
A. (2002) 
 
N: 136 
Age in years: 13-14 
Gender: 50% female 
Design: Cross-sectional 
Data Collection: Self 
reports of physical activity 
level; Math grade, GPA, 
and standardized test score 
in math obtained from 
school records 
None Athletes (i.e., those students 
who participated in one or 
more interscholastic sports) 
had a higher GPA than 
nonathletes (i.e., those 
students who did not 
participate in an 
interscholastic sport) (t = 
4.85; p < .05).  Male and 
female athletes had higher 
grade point averages than 
nonathletes of the same sex 
(males t = 2.91; p < .05; 
females t = 4.35; p < .05).   
 
Tremarche, P. 
V., Robinson, 
E. M., & 
Graham, L. B. 
(2007) 
 
N: 311 
Age in years: 9-11 
Gender: N/A 
Design: Cross-sectional 
Data Collection: School 
reports of average time 
children spent in P.E. class; 
Standardized test scores in 
math and reading 
None Youth from the school with 
twice as many hours of P.E. 
had higher reading scores 
than those from the school 
with fewer hours of P.E. per 
week (t = -3.59; p < .001). 
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Studies of the Relationship between Body Mass Index and Academic Achievement  
 
 
Study Citation 
 
Sample 
 
Design and Data Collection 
 
 
Intervention 
Conditions 
 
 
Results 
 
Castelli, D. M., 
Hillman, C. H., 
Buck, S. M., & 
Erwin, H. E. 
(2007) 
 
 
N: 259 
Age in years: 8-11 
Gender: 49% female  
 
 
Design: Cross-sectional 
Data Collection: Height and 
weight were measured and 
converted to BMI; 
Standardized test scores in 
reading and math 
 
None  
 
Higher total academic 
achievement scores (t(250) = 
2.8; p < .01) as well as reading 
(t(250) = 2.6, p < .01) and math 
(t(250) = 2.3, p = .02) scores 
were associated with lower BMI. 
 
Cottrell, L. A., 
Northrup, K., & 
Wittberg, R. 
(2007) 
 
N: 968  
Age in years: 9-13 
Gender: 49% female 
Weight: 3% 
underweight, 57% 
healthy weight, 17% at 
risk for overweight, 
23% overweight 
 
Design: Large-scale, Cross-
sectional 
Data Collection: Height and 
weight were measured and 
converted to BMI; 
Standardized test scores in 
reading, math, science, and 
social studies 
 
None Overweight status was 
associated with lower 
standardized test scores in 
reading (F(3, 935) = 3.16; p < 
.05), math (F(3, 935) = 4.37; p < 
.01), and science (F(3, 935) = 
3.18; p < .05). 
Crosnoe, R., & 
Muller, C. (2004) 
N: 11,658 
Age in years: 12-18 
Gender: 51% female 
Weight: 75% healthy 
weight, 25% at risk for 
obesity 
 
Design: Large-scale, Cross-
sectional 
Data Collection: Self 
reported of height and weight 
was converted to BMI; Self 
reports of grades in math, 
science, reading, and social 
studies 
None BMI was inversely related to 
grades (b = 0.58; p < .001) with 
those who were not at risk for 
obesity (M = 2.80) reporting 
higher grades than those who 
were at risk for obesity (M = 
2.64). 
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Edwards, J. U., 
Mauch, L., & 
Winkelman, M. 
R. (2011) 
 
 
 
 
N: 800 
Age in years: 11-12 
Gender: 52% female 
Weight: 70% healthy 
weight, 30% 
overweight or obese 
 
 
 
Design: Large-scale, Cross-
sectional 
Data Collection: Height and 
weight were measured and 
converted to BMI; 
Standardized test scores in 
math and reading 
 
 
 
 
None 
 
 
 
No association was found 
between weight classification 
and academic achievement in 
math or reading. 
Eveland-Sayers, 
B. M., Farley, R. 
S., Fuller, D. K., 
Morgan, D. W., 
& Caputo, J. L. 
(2009) 
 
N: 134 
Age in years: 9-11 
 
Design: Cross-sectional 
Data Collection: Height and 
weight were measured and 
converted to BMI; 
Standardized test scores in 
math and reading 
 
None No association was found 
between BMI and academic 
achievement in math or reading. 
Falkner, N. H., 
Neumark-
Sztainer, D., 
Story, M., Jeffery, 
R. W., Beuhring, 
T., & Resnick, M. 
D. (2001) 
 
N: 9943 
Age in years: 12-17 
Gender: 52% female 
Weight: 15% 
underweight, 66% 
healthy weight, 12% 
overweight, 6% obese 
Design: Large-scale, Cross-
sectional 
Data Collection: Self 
reported height and weight 
was converted to BMI; Self 
reports of academic 
achievement 
None Obese girls were 2.09 times 
more likely to consider 
themselves poor students 
compared to average weight girls 
with 95% CIs [1.35, 3.24].  
Compared to their average 
weight counterparts, obese boys 
were 1.46 times more likely to 
consider themselves poor 
students with 95% CIs [1.05, 
2.03]. 
 
Florin, T. A., 
Shults, J., & 
Stettler, N. (2011) 
N: 11,012 
Age in years: 14-17 
Gender: 51% female 
Design: Large-scale, Cross-
sectional 
Data Collection: Self  
None Overweight adolescents were 
less likely to report higher 
grades after adjustment for  
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Weight: 70% healthy  
weight, 30% 
overweight or obese, 
11% obese 
 
 
 
reported height and weight  
was converted to BMI; Self 
reports of grades 
 
 
demographics, depression, 
television and video game use, 
and physical activity (OR = 
0.83) with 95% CIs [0.74, 0.94].  
Obese adolescents were less 
likely to report higher grades 
after adjustment for 
demographics, depression, 
television and video game use, 
and physical activity (OR = 
0.81) with 95% CIs [0.69, 0.95]. 
Huang, T. T., 
Goran, M. I., & 
Spruijt-Metz, D. 
(2006) 
 
N: 666 
Age in years: 11-14 
Gender: 73% female 
Weight: 59% healthy 
weight, 41% at risk for 
overweight or 
overweight 
Design: Large-scale, Cross-
sectional  
Data Collection: Height and 
weight were measured and 
converted to BMI; Self 
reports of grades and grade 
point averages obtained from 
school records 
 
None Compared with students at risk 
for overweight, healthy weight 
students had higher grades (M + 
SE = 2.92 + 0.10 vs. 2.70 + 0.10; 
p = .01). 
Krukowski, R. A., 
West, D. S., 
Philyaw Perez, 
A., Bursac, Z., 
Phillips, M. M., 
& Raczynski, J. 
M. (2009) 
 
N: 1071 
Age in years: 4-17 
Gender: 47% female 
Weight: 60% healthy 
weight, 19% 
overweight, 21% 
obese 
Design: Large-scale, Cross-
sectional 
Data Collection: Parent 
reports of children’s height 
and weight was converted to 
BMI; Parent-reports of 
grades 
None Overweight status was 
associated with poorer school 
performance after adjustment for 
gender, school level, free and 
reduced lunch participation, and 
race (OR = 1.51) with 95% CIs 
[1.01, 2.25]. 
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Roberts, C. K., 
Freed, B., & 
McCarthy, W. J. 
(2010) 
Table 2 Cont’d 
 
 
 
 
 
N: 1989 
Age in years: 10-15 
Gender: 49% female 
Weight: 2% 
underweight, 68% 
healthy weight, 16% 
overweight, 13% 
obese 
 
 
 
 
Design: Large-scale, Cross-
sectional 
Data Collection: Height and 
weight were measured and  
converted to BMI; 
Standardized test scores in 
math, reading, and language 
arts 
 
 
 
 
 
None 
 
 
 
 
Overweight and obese 10-15 
year olds scored lower on 
standardized test scores in math, 
reading, and language arts than  
healthy weight students (all 
significant at p < .05). 
Shore, S. M., 
Sachs, M. L., 
Lidicker, J. R., 
Brett, S. N., 
Wright, A. R., & 
Libonati, J. R. 
(2008) 
 
N: 566 
Age in years: 11-13 
Gender: 47% female 
Weight: 74% healthy 
weight, 15% at risk for 
overweight, 11% 
overweight 
Design: Cross-sectional 
Data Collection: Height and 
weight were measured and 
converted to BMI; Grade 
point averages were obtained 
from school records 
None Overweight children had a lower 
cumulative grade point average 
(GPA) compared to their healthy 
weight peers (p < .001) whose 
GPA was 11% higher than those 
of the overweight students. 
 
 
 
Note. BMI = body mass index. 
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Studies of the Relationship between Executive Functioning and Academic Achievement  
 
 
Study Citation 
 
Sample 
 
Design and Data Collection 
 
 
Intervention 
Conditions 
 
 
Results 
 
Best, J. R., Miller, 
P. H., & Naglieri, 
J. A. (2011) 
 
 
N: 1395 
Age in years: 5-17 
Gender: 50% female  
 
 
Design: Large-scale, Cross-
sectional 
Data Collection: Standardized 
executive functioning test; 
Standardized test scores in 
reading and math 
 
 
None  
 
Performance on three complex 
executive functioning tasks was 
correlated with higher reading (p 
< .05) and math (p < .05) scores. 
Cohen, G. N., 
Bronson, M. B., 
& Casey, M. B. 
(1995) 
 
N: 60 
Age in years: 8-10 
Gender: 43% female 
Design: Cross-sectional 
Data Collection: Three 
executive functioning tasks; 
Teacher reports of reading, 
language arts, and math 
grades 
 
None No relationship was found 
between executive functioning 
and a composite of reading, 
language arts, and math grades. 
 
Miller, M., & 
Hinshaw, S. P. 
(2010) 
N: 228 
Age in years: 6-12 
Gender: 100% female 
Design: Longitudinal 
Data Collection: Three 
executive functioning tasks; 
Standardized test scores in 
reading and math 
 
None After five years, higher 
executive functioning predicted 
higher math scores (p < .01). 
St Clair-
Thompson, H. L., 
& Gathercole, S. 
E. (2006) 
N: 51 
Age in years: 11-12 
Gender: 47% female 
Design: Cross-sectional 
Data Collection: Six 
executive functioning tasks; 
Standardized test scores in  
None The executive functioning tasks 
that assessed working memory 
were associated with higher 
reading (p < .01) and math (p <  
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reading, math, and science 
 
 
 
.01) scores.  The executive 
functioning tasks that assessed 
inhibition were associated with 
higher reading (p < .05), math (p 
< .05), and science (p < .05) 
scores. 
 
van der Sluis, S., 
de Jong, P. F., & 
van der Leij, A. 
(2007) 
 
 
 
N: 172 
Age in years: 9-11 
Gender: 51% female 
Design: Cross-sectional 
Data Collection: Eleven 
executive functioning tasks; 
Standardized test scores in 
reading and math 
None Higher performance on 
nonverbal executive functioning 
tasks was associated with higher 
math scores (p < .05).  Higher 
performance on verbal executive 
functioning tasks was associated 
with math scores (p < .05). 
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Studies of the Relationship between Physical Activity and Executive Functioning  
 
 
Study Citation 
 
Sample 
 
Design and Data 
Collection 
 
 
Intervention 
Conditions 
 
 
Results 
 
Davis, C. L., 
Tomporowski, P. 
D., McDowell, J. 
E., Austin, B. P., 
Miller, P. H., 
Yanasak, N. E., 
Allison, J. D., & 
Naglieri, J. A. 
(2011) 
 
N: 170 overweight 
Age in years: 11 
Gender: 56% female  
 
 
Design: Experimental, 
Chronic Exercise  
Data Collection: A 
standardized test of 
cognitive function 
administered 
immediately before and 
after the intervention 
period 
 
Treatment: Exercise 
program of 
low dose (20 
minutes/day) or  
high dose (40 
minutes/day) 
Control: No 
exercise 
 
After 13 weeks, those children in 
the low and high dose exercise 
conditions had greater executive 
functioning scores post 
intervention than those in the no 
exercise control condition 
(t(165) = 2.1; p = .03). 
 
 
Davis, C. L., 
Tomporowski, P. 
D., Boyle, C. A., 
Waller, J. L., 
Miller, P. H., 
Naglieri, J. A., & 
Gregoski, M. 
(2007) 
 
N: 94 overweight 
Age in years: 7-11 
Gender: 60% female 
Design: Experimental, 
Chronic Exercise  
Data Collection: A 
standardized test of 
cognitive function 
administered 
immediately before and 
after the intervention 
period 
Treatment: Exercise 
program of 
low dose (20 
minutes/day) or  
high dose (40 
minutes/day) 
Control: No 
exercise 
After 15 weeks, those in the high 
dose exercise condition had 
greater executive functioning 
scores post intervention than 
those in the no exercise control 
condition (t(88) = -1.98; p = 
.05). 
Hillman, C. H., 
Pontifex, M. B., 
Raine, L. B., 
Castelli, D. M.,  
N: 20 
Age in years: 9 
Gender: 40% female 
Design: Experimental, 
Acute Exercise  
Data Collection: 
Treatment: 20 
minutes of walking 
on a treadmill at 
60% of estimated  
Executive functioning increased 
following acute treadmill 
walking compared to the resting 
session (t(1,19) = 2.3; p < .05). 
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Hall, E. E., & 
Kramer, A. F. 
(2009) 
 
 
 
 
maximum heart rate 
Control: Resting 
session 
Riggs, N., Huh, 
J., Chou, C.-P., 
Spruijt-Metz, D., 
& Pentz, M. 
(2012) 
 
N: 997 
Age in years: 9-10 
Gender: 52% female 
Design: Observational 
Data Collection: Self 
reports of physical 
activity duration and 
frequency; Self reports 
of executive 
functioning 
 
None High sedentary children reported 
more problems with executive 
functioning than children who 
were inactive (t = 3.54; p < .001) 
or active (t = 4.40, p < .001). 
 
Tomporowski, P. 
D., Davis, C. L., 
Lambourne, K., 
Gregoski, M., & 
Tkacz, J. (2008) 
 
N: 69 overweight 
Age in years: 7-11 
Gender: 52% female 
Design: Experimental, 
Acute Exercise  
Data Collection: A task 
switching task of 
cognitive function 
administered 
immediately before and 
after the intervention 
period 
 
Treatment: 23 
minutes of 
treadmill walking 
Control: 23 minutes 
of watching a video  
No improvements in executive 
functioning after treadmill 
walking relative to the control 
group. 
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Studies of the Relationship between Physical Activity and Concentration  
 
 
Study Citation 
 
Sample 
 
Design and Data 
Collection 
 
 
Intervention Conditions 
 
 
Results 
 
Bartholomew, J. 
B., & Jowers, E. 
M. (2011) 
 
 
N: 97 
Age in years: 9-10 
Gender: 55% female  
Weight: 0% 
underweight, 64% 
healthy weight, 20% 
at risk for 
overweight, 17% 
overweight 
 
Design: Quasi-
experimental 
(nonrandom assignment) 
Data Collection: 
Recorded observations 
of on task and off task 
behaviors in the 
classroom 
 
 
 
Treatment: Academic 
lesson that incorporated 
physical activity 
Control: Traditional, 
sedentary, classroom-
based academic lesson  
 
Children were less on task 
following the sedentary 
academic lesson (p < .05).  
Overweight children were 
less able to maintain on task 
behaviors compared to 
healthy weight children 
following the sedentary 
academic lesson (p < .05). 
Caterino, M. C., 
& Polak, E. D. 
(1999) 
N: 52 
Age in years: 9-10 
Gender: N/A 
Design:  
Data Collection: 
Standardized 
concentration test 
Treatment: 15-minute 
exercise of aerobic 
walking 
Control: 15-minute 
traditional, sedentary, 
classroom-based 
academic lesson 
 
Children who walked 
showed more improved 
scores on the concentration 
test than those who had an 
academic lesson (p = .05). 
Evenson, K. R., 
Ballard, K., Lee, 
G., & 
Ammerman, A. 
(2009) 
 
N: 106 elementary 
and middle school 
district officials 
Age in years: 5-14 
Gender: N/A 
Design: Observational 
Data Collection: A 
school-based state 
policy of daily PA for 
30 minutes; District 
reports of focus and  
None A school-based state policy 
was associated with 
increases in focus (27% 
elementary, 15% middle 
school) and alertness (17% 
elementary, 17% middle  
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alertness  
 
 
 
 
school). 
Grieco, L. A., 
Jowers, E. M., & 
Bartholomew, J. 
B. (2009) 
 
N: 97 
Age in years: 8-9 
Gender: 55% female 
Weight: 0% 
underweight, 64% 
healthy weight, 20% 
at risk for 
overweight, 17% 
overweight 
 
Design: Quasi-
experimental 
(nonrandom assignment) 
Data Collection: 
Recorded observations 
of on task and off task 
behaviors in the 
classroom 
Treatment: Academic 
lesson that incorporated 
physical activity 
Control: Traditional, 
sedentary, classroom-
based academic lesson 
 
Children were less on task 
following the sedentary 
academic lesson across all 
weight categories: normal 
weight (F(1,61) = 7.16; p = 
.01), at risk for overweight 
(F(1,18) = 14.03; p = .001), 
and overweight (F(1,15) = 
21.09, p < .001).  There was 
a linear trend with the 
reduction in on-task 
behaviors increasing with 
each level of BMI (F(1,94) 
= 10.57; p < .01) after the 
sedentary academic lesson. 
 
Hillman, C. H., 
Pontifex, M. B., 
Raine, L. B., 
Castelli, D. M., 
Hall, E. E., & 
Kramer, A. F. 
(2009) 
 
N: 20 
Age in years: 9 
Gender: 40% female 
Design: Quasi-
experimental 
(nonrandom assignment) 
Data Collection: P3 
amplitude measurement 
which is indicative of 
enhanced attentional 
allocation 
 
Treatment: 20 minutes 
of walking on a 
treadmill at 60% of 
estimated maximum 
heart rate 
Control: Resting 
session 
 
Following 10 minutes of 
treadmill walking, children 
had enlarged P3 amplitude 
compared to children in the 
resting session (t(1,19) = 
3.0; p = .007). 
Jarrett, O. S., 
Maxwell, D. M., 
Dickerson, C.,  
N: 43 
Age in years: 9-10 
Gender: 58% female 
Design: Quasi-
experimental 
(nonrandom assignment) 
Treatment: A day 
involving 15 to 20 
minutes of a recess  
The effect of recess was 
significant (F(3, 40) = 
13.00; p < .001) showing  
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Hoge, P., Davies,  
G., & Yetley, A. 
(1998) 
 
 
 
 
Data Collection:  
Recorded observations 
of on task and off task 
behaviors in the 
classroom 
 
 
 
 
period 
Control: A day without 
a recess period 
 
 
 
that children were more on- 
task (F(1, 42) = 10.02; p = 
.003) and were less fidgety 
(F(1, 42) = 31.36; p < .001) 
on the days when they had 
recess. 
 
Mahar, M. T., 
Murphy, S. K., 
Rowe, D. A., 
Golden, J., 
Shields, A. T., & 
Raedeke, T. D. 
(2006) 
 
N: 65 
Age in years: 8-11 
Gender: N/A 
Design: Quasi-
experimental 
(nonrandom assignment) 
Data Collection: 
Recorded observations 
of on task and off task 
behaviors in the 
classrooms 
 
Treatment: Academic 
lesson that incorporated 
physical activity 
Intervention: 
Traditional, sedentary, 
classroom-based 
academic lesson 
 
Children’s on task behavior 
increased by more than 8% 
following the academic 
lesson that incorporated 
physical activity (p < .017).  
The least on task children 
also improved on-task 
behavior by 20% following 
the academic lesson that 
incorporated physical 
activity (p < .001). 
 
Pellegrini, A. D., 
Huberty, P. D., & 
Jones, I. (1995) 
N: 37 
Age in years: 7-10 
Gender: 54% female 
Design: Quasi-
experimental 
(nonrandom assignment) 
Data Collection: 
Recorded observations 
of on-task and off-task 
behaviors in the 
classrooms 
 
 Inattention was greater (p < 
.05) before recess than after 
recess at grades 2 (M = 
14.83 and 6.44, 
respectively) and 4 (M = 
9.15 and 7.45, respectively). 
 
 
 
 
Note. BMI = body mass index. 
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Studies of the Relationship between Internalizing Symptoms and Academic Achievement 
 
 
Study Citation 
 
Sample 
 
Design and Data 
Collection 
 
 
Intervention 
Conditions 
 
 
Results 
 
Breslau, J., 
Miller, E., 
Breslau, N., 
Bohnert, K., 
Lucia, V., & 
Schweitzer, J. 
(2009) 
 
N: 693 
Age in years: 6-17 
Gender: 51% female  
 
 
Design: Cross-sectional 
Data Collection: 
Teacher reports of 
internalizing symptoms 
(measured by an 
internalizing behaviors 
scale); Standardized 
test scores in reading 
and math 
 
 
      None  
 
Internalizing symptoms were 
inversely associated with lower 
standardized test scores in 
reading (b = -0.14; p < .001) and 
math (b = -0.15; p < .001). 
 
Duncan, G. J., 
Dowsett, C. J., 
Claessens, A., 
Magnuson, K., 
Huston, A. C., 
Klebanov, P., 
Pagani, L. S., 
Feinstein, L., 
Engel, M., 
Brooks-Gunn, J., 
Sexton, H., 
Duckworth, K., & 
Japel, C. (2007) 
 
N: 6 longitudinal 
data sets 
Age in years: 5-11 
Gender: N/A 
Design: Longitudinal 
Data Collection: 
Teacher and parent 
reports of internalizing 
symptoms (measured 
by anxious/depressed 
and socially withdrawn 
scales); Teacher reports 
of academic 
achievement plus test 
scores and grade 
retention  
      None No relationship found between 
internalizing symptoms and 
academic achievement. 
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Flook, L., Repetti, 
R. L., & Ullman, 
J. B. (2005) 
N: 248 
Age in years: 9-12 
Gender: N/A 
Design: Cross-sectional 
Data Collection: 
Teacher reports of 
internalizing symptoms 
(measured by an 
internalizing behaviors 
scale); A composite 
grade comprised of 
reading and math 
obtained from school 
records  
 
      None Internalizing symptoms were 
inversely associated with lower 
academic achievement one year 
later (F(1, 141) = 2.44; p = .06). 
Juvonen, J., 
Nishina, A., & 
Graham, S. 
(2000) 
 
N: 243 
Age in years: 12-14 
Gender: 55% female 
Design: Cross-sectional 
Data Collection: Self 
reports of internalizing 
symptoms (measured 
by a depression scale); 
Grade point averages 
obtained from school 
records 
 
      None Internalizing symptoms were 
inversely associated with poorer 
grade point averages (b = .54; p 
< .05). 
Lundy, S. M., 
Silva, G. E., 
Kaemingk, K. L., 
Goodwin, J. L., & 
Quan, S. F. 
(2010) 
 
 
 
 
N: 335 
Age in years: 6-11 
Gender: 51% female 
Design: Cross-sectional 
Data Collection: Parent 
reports of internalizing 
symptoms (measured 
by an internalizing 
behaviors scale 
comprised of 
anxious/depressed and 
withdrawn subscales); 
Standardized test  
      None Internalizing symptoms were 
inversely associated with lower 
math scores (r = -.19; p < .001). 
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scores in reading, math, 
and language arts 
 
Masten, A. S., 
Roisman, G. I., 
Long, J. D., Burt, 
K. B., Obradovic, 
J., Riley, J. R., 
Boelcke-Stennes, 
K., & Tellegen, 
A. (2005) 
 
N: 205 
Age in years: 8-30 
Gender: 
Nonparticipants at 
Time 4 (for any 
reason, including 
death) were more 
likely to be male 
(x2(1, 205) = 8.02; p 
< 0.01). 
 
Design: Longitudinal 
Data Collection: Parent 
reports of internalizing 
symptoms (measured 
by an internalizing 
behaviors scale 
comprised of 
anxious/depressed, 
withdrawn, and somatic 
complaints subscales); 
A standardized test 
measured academic 
achievement plus grade 
point average obtained 
from school records, a 
teacher assessment, and 
a parent assessment 
 
      None No relationship found between 
internalizing symptoms and 
academic achievement. 
Schwartz, D., 
Gorman, A. H., 
Nakamoto, J., & 
Toblin, R. L. 
(2005) 
 
N: 199 
Age in years: 8-10 
Gender: 47% female 
Design: Longitudinal 
Data Collection: Self 
reports of internalizing 
symptoms (measured 
by a depression scale); 
Standardized test 
scores in reading and 
math plus grade point 
averages obtained from 
school records 
 
      None Time 1 (b = -0.21; p < .05) and 
time 2 (b = -0.33; p < .05) 
internalizing symptoms were 
inversely associated with poorer 
grade point averages and 
standardized reading and math 
scores over a one-year period. 
 
Note. BMI = body mass index. 
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Studies of the Relationship between Body Mass Index and Internalizing Symptoms 
 
 
Study Citation 
 
Sample 
 
Design and Data 
Collection 
 
 
Intervention 
Conditions 
 
 
Results 
 
Datar, A., & 
Sturm, R. (2004) 
 
N: 9949 
Age in years: 5-7 
Gender: 50% female 
Weight: 89% not 
overweight; 11% 
overweight 
 
 
Design: Large-scale, 
Longitudinal  
Data Collection: 
Height and weight 
were measured and 
converted to BMI; 
Teacher reports of 
internalizing 
symptoms (measured 
by an internalizing 
behaviors scale) 
 
  
       None 
 
Overweight girls have more 
internalizing symptoms at age 5 
than those who are not 
overweight with 95% CIs [1.13, 
2.24]. 
 
Datar, A., & 
Sturm, R. (2006) 
N: 7000 
Age in years: 5-9 
Gender: 51% female 
Weight: 83% not 
overweight; 17% 
overweight 
 
Design: Large-scale, 
Longitudinal 
Data Collection: 
Height and weight 
were measured and 
converted to BMI; 
Teacher reports of 
internalizing 
symptoms (measured 
by an internalizing 
behaviors scale) 
 
       None The “always-overweight” 
children had more internalizing 
symptoms compared to the 
“never-overweight” children (p 
< .01).  Girls who remained 
overweight from ages 5 to age 9 
were more likely to have more 
internalizing symptoms 
compared to girls who were 
never overweight (p < .01). 
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Fallon, E. M., 
Tanofsky-Kraff, 
M., Norman, A. 
C., McDuffie, J. 
R., Taylor, E. D., 
Cohen, M. L., 
Young-Hyman, 
D., Keil, M., 
Kolotkin, R. L., 
& Yanovski, J. A. 
(2005) 
 
 
 
 
N: 144 
Age in years: 13-16 
Gender: N/A 
Weight: 24% not 
overweight; 76% 
overweight 
 
 
 
Design: Cross-
sectional 
Data Collection: 
Height and weight 
were measured and 
converted to BMI; 
Self reports of 
internalizing 
symptoms (measured 
by a depression scale) 
 
 
 
        
      None 
 
 
 
Overweight adolescents had 
more internalizing symptoms 
than those who were not 
overweight (p < .01). 
Gable, S., Krull, 
J. L., & Chang, 
Y. (2009) 
N: 8000 
Age in years: 6-10 
Gender: 52% female 
Weight: 83% not 
overweight; 17% 
overweight 
Design: Large-scale, 
Longitudinal 
Data Collection: 
Height and weight 
were measured and 
converted to BMI; 
Teacher reports and 
self reports of 
internalizing 
symptoms (measured 
by an internalizing 
behaviors scale) 
 
       None Girls who were overweight since 
age 6 had more teacher-reported 
internalizing symptoms over a 4-
year period (b = 0.02; p < .01).  
Children who were overweight 
since age 6 reported more 
internalizing symptoms than 
children who had been a healthy 
weight since age 6 (b = 0.09; p < 
.01).   
 
Gable, S., Krull, 
J. L., & Chang, 
Y. (2012) 
 
 
N: 6260 
Age in years: 5-11 
Gender: 52% female 
Weight: 80% not 
overweight; 20%  
Design: Large-scale, 
Longitudinal 
Data Collection: 
Height and weight 
were measured and  
       None Over a 6-year period, boys’ 
internalizing symptoms 
negatively predicted boys’ math 
performance (b = -0.78; p < 
.001).  A mediating effect was  
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Table 7 Cont’d 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
overweight 
 
 
 
converted to BMI;  
Teacher reports of 
internalizing 
symptoms (measured 
by an internalizing 
behaviors scale); 
Standardized test score 
in math 
 
 
 
 
found among of boys who were  
overweight since age 6 and their 
internalizing behaviors on the 
association between weight 
status and math achievement at 
third (mediated effect = -0.051, 
SE = 0.020, z = -2.581; p < .05) 
and fifth grade (mediated effect 
= -0.081, SE = 0.029, z = -2.774; 
p < .05).  Over a 6-year period, 
girls’ internalizing symptoms 
negatively predicted boys’ math 
performance (b = -0.81; p < 
.001).  A mediating effect was 
found among of boys who were 
overweight since age 6 and their 
internalizing behaviors on the 
association between weight 
status and math achievement at 
first (mediated effect = -0.040, 
SE = 0.017, z = -2.334; p < .05), 
third (mediated effect = -0.071, 
SE = 0.021, z = -3.326; p < .05), 
and fifth grade (mediated effect 
= -0.102, SE = 0.030, z = -3.358; 
p < .05).  
Judge, S., & 
Jahns, L. (2007) 
 
N: 13680 
Age in years: 9-18 
Gender: 49% female 
Design: Large-scale, 
Cross-sectional 
Data Collection:  
       None Overweight girls had more 
internalizing symptoms 
(F(1,4836) = 7.72; p < .006) than  
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Weight: 84% not 
overweight, 16% 
overweight 
 
 
 
Height and weight 
were measured and 
converted to BMI; 
Teacher reports of 
internalizing 
symptoms (measured 
by an internalizing 
behaviors scale) 
 
 
 
 
nonoverweight girls. 
 
 
Pierce, J. W., & 
Wardle, J. (1997) 
N: 67 
Age in years: 9-11 
Gender: 61% female 
Weight: 48% 
healthy weight; 52% 
obese or overweight 
Design: Cross-
sectional 
Data Collection: Self 
reports of internalizing 
symptoms (measured 
by a self-esteem scale) 
 
       None Overweight or obese children 
had more internalizing 
symptoms than healthy weight 
children (t = 4.38; p = .001).  
Body mass index was negatively 
correlated to self-esteem among 
overweight or obese children (r 
= -0.44; p = .013). 
 
Schwimmer, J. 
B., Burwinkle, T. 
M., & Varni, J. 
W. (2003) 
 
N: 507  
Age in years: 5-18 
Gender: 46% female 
Health Status: 79% 
healthy; 21% obese 
 
Design: Cross-
sectional 
Data Collection: 
Height and weight 
were measured and 
converted to BMI; 
Self reports of 
internalizing 
symptoms (measured 
by an emotional 
functioning scale) 
 
       None Obese children and adolescents 
were more likely to have 
impaired emotional functioning 
than healthy children and 
adolescents (OR = 4.3) with 95% 
CIs [2.7, 6.8].  Obese children 
and adolescents had more 
internalizing symptoms 
compared to healthy children 
and adolescents (t = -8.18; p < 
.001) with a strong effect size (d 
= 0.90). 
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Note. BMI = body mass index. 
 
Table 7 Cont’d 
 
 
Strauss, R. S. 
(2000) 
 
 
 
N: 1520 
Age in years: 9-14 
Gender: 50% female 
Weight: 83% not 
obese; 17% obese 
 
 
 
Design: Large-scale, 
Longitudinal 
Data Collection: 
Height and weight 
were measured and 
converted to BMI; 
Self reports of 
internalizing 
symptoms (measured 
by a self-esteem scale) 
        
 
 
      None 
 
 
 
Obesity predicted increased 
internalizing symptoms by early 
adolescence (p < .05).  Overall, 
69% of obese white females 
showed increased internalizing 
symptoms over the 4-year period 
compared with 43% of nonobese 
white females (p < .01).  
Similarly, 69% of obese 
Hispanic females showed 
increased internalizing 
symptoms compared with 43% 
of nonobese Hispanic females (p 
< .05).  As a group, obese males 
also demonstrated increased 
internalizing symptoms over the 
4-year period (p < .01). 
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Table 8 
Measures Included in Analyses 
 
 
Construct 
 
 
Variable 
 
 
Measure 
 
 
Age of Measurement in Years 
 
9    10     11    12      13    14      15 
 
 
 
Childhood Obesity  
 
PA 
 
 
CSA 
 
✓ 
  
✓ 
 
✓ 
   
✓ 
BMI  Height/Weight  
 
✓ ✓ ✓ ✓ ✓ ✓ ✓ 
Cognitive Processes EF TOH  
 
✓  ✓     
TOL       ✓ 
 
                                     Concentration 
                                      
CBCL  ✓ ✓ ✓ ✓   ✓ 
 
Emotional Processes IS CDI-S   ✓ ✓   ✓ 
 
Achievement Achievement WJ-R: 
Broad Reading  
Broad Math  
 
✓  ✓    ✓1 
 
SES SES Income-to-
Needs Ratio 
 
✓ ✓ ✓ ✓   ✓ 
 
 
Note. Physical Activity (PA), Computer Science and Applications Accelerometer (CSA), Body 
Mass Index (BMI), Executive Functioning (EF), Tower of Hanoi (TOH), Tower of London 
(TOL), Child Behavior Check List (CBCL), Internalizing Symptoms (IS), Children’s Depression 
Inventory-Short (CDI-S), Woodcock-Johnson Psycho-Educational Battery-Revised (WJ-R), 
Socioeconomic Status (SES). 
 
 
 
 
 
 
 
 
                                                            
1 One of the two subtests that comprise Broad Reading (Letter-Word Identification) and one of 
the two subtests that comprise Broad Math (Calculation) were not administered at age 15. 
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Table 9 
 
Factor Analysis of Reading Achievement Subtests 
 
 
Age 
 
Reading Subtests 
 
Rotated Factor Loadings 
 
 
9 
 
 
Passage Comprehension 
 
.91 
 
9 Letter-Word Identification .89 
 
11 Passage Comprehension .88 
 
11 Letter-Word Identification .90 
 
15 Passage Comprehension .81 
   
 
Note. Eigenvalue = 3.87; 77% of variance explained. 
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Table 10 
 
Factor Analysis of Math Achievement Subtests 
 
 
Age 
 
Math Subtests 
 
Rotated Factor Loadings 
 
 
9 
 
Applied Problems  
 
.87 
 
9 Calculation  .78 
 
11 Applied Problems  .89 
 
11 Calculation  .85 
 
15 Applied Problems  .84 
 
 
Note. Eigenvalue = 3.58; 72% of variance explained  
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Table 11 
 
Factor Analysis of Reading and Math Achievement Subtests Combined: Rotated Factor Loadings 
 
  
                                                 Rotated Factor Loadings 
 
    
Age Subtests                                 Reading Math 
 
 
9 
 
Letter-Word Identification  
        
       .92                             -.02 
 
11 Letter-Word Identification         .93                             -.03 
 
9 Passage Comprehension         .83                              .11 
 
11 Passage Comprehension         .80                              .11 
 
15 Passage Comprehension         .54                              .34 
 
9 Calculation  
 
        .04                               .75 
11 Calculation        -.02                               .86 
 
9 Applied Problems          .12                               .78 
 
11 Applied Problems          .11                               .81 
 
15 Applied Problems          .04                               .82 
 
 
Note. For reading, eigenvalue = 1.08; 11% of variance explained.  For math, eigenvalue = 6.34; 
63% of variance explained.   
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Table 12 
 
Correlations of Physical Activity Across Ages 
 
 
Age 
 
 
9 
 
11 
 
 
12 
 
 
15 
     
9  .55 
(696) 
.37 
(568) 
 
.27 
(489)  
11   .42 
(625) 
.37 
(540) 
 
12    .37 
(472) 
15    
 
 
 
Note. Numbers in parentheses represent the n. 
All correlations are significant at p < .0001.   
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Table 13  
 
Correlations of Body Mass Index Across Ages 
        
 
Age 
 
 
9 
 
10 
 
11 
 
 
12 
 
 
13 
 
 
14 
 
 
15 
        
9  .96 
(814) 
.94 
(844) 
.92 
(835) 
 
.91 
(728) 
.88 
(670) 
.84 
(759) 
10   .94 
(816) 
.92 
(792) 
 
.91 
(741) 
.89 
(686) 
.84 
(744) 
11    .95 
(863) 
 
.94 
(748) 
 
.92 
(699) 
 
.86 
 (791) 
 
12     .96 
(747) 
 
.92 
(696) 
 
.87 
(783) 
 
13      .96 
(707) 
.90 
(693) 
 
14       .93 
(659) 
15     
 
 
 
 
 
 
 
Note. Numbers in parentheses represent the n. 
All correlations are significant at p < .0001.   
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Table 14 
 
Correlations of Executive Functioning Across Ages 
 
 
Age 
 
 
9 
 
11 
 
 
15 
 
9 
 
 
 
.49 
(940) 
 
 
.30 
(875) 
 
11   .30 
(898) 
 
15    
 
Note. Numbers in parentheses represent the n. 
All correlations are significant at p < .0001.   
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Table 15 
 
Correlations of Concentration Across Ages 
 
 
Age 
 
 
9 
 
10 
 
11 
 
 
12 
 
 
15 
 
9 
 
 
 
.74 
(972) 
 
.68 
(969) 
 
 
.65 
(970) 
 
 
.53 
(927) 
 
10   .74 
(982) 
.68 
(980) 
.57 
(934) 
 
11    .72 
(979) 
 
.57 
(934) 
 
12     .66 
(949) 
 
15     
 
 
 
Note. Numbers in parentheses represent the n. 
All correlations are significant at p < .0001.   
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Table 16 
 
Correlations of Internalizing Symptoms Across Ages 
 
 
Age 
 
 
11 
 
12 
 
 
15 
 
11 
 
 
 
.50 
(977) 
 
.25 
(928) 
 
12     .33 
(937) 
 
15    
 
Note. Numbers in parentheses represent the n. A square root transformation was used to 
normalize the distribution. 
All correlations are significant at p < .0001.   
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Table 17 
 
Correlations of Reading Achievement Across Ages 
 
 
Age 
 
 
9 
 
11 
 
 
15 
 
9 
 
 
 
.89 
(929) 
 
.66 
(836) 
 
11   .71 
(851) 
 
15    
 
Note. Numbers in parentheses represent the n. 
All correlations are significant at p < .0001.   
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Table 18 
 
Correlations of Math Achievement Across Ages 
 
 
Age 
 
 
9 
 
11 
 
 
15 
 
9 
 
 
 
.79 
(930) 
 
.66 
(837) 
 
11   .75 
(851) 
 
15    
 
Note. Numbers in parentheses represent the n. 
All correlations are significant at p < .0001.   
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Table 19 
 
Correlations of Socioeconomic Status Across Ages 
 
 
Age 
 
 
9 
 
10 
 
11 
 
 
12 
 
 
15 
 
9 
 
 
 
.90 
(911) 
 
.86 
(914) 
 
.83 
(904) 
 
 
.74 
 (858) 
 
10   .90 
(933) 
.85 
(917) 
.77 
(865) 
 
11    .89 
(937) 
 
.81 
(884) 
 
12     .78 
(876) 
 
15     
 
 
 
Note. Numbers in parentheses represent the n. A log transformation was used to normalize the 
distribution. 
All correlations are significant at p < .0001.   
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Table 20 
 
Descriptive Statistics for Females’ Body Mass Index Weight Categories  
 
 
Age 
 
Weight Category 
 
n 
 
% 
 
 
9 
 
Obese 
 
Overweight 
 
Healthy weight 
 
65 
 
69 
 
331 
 
13.98 
 
14.84 
 
71.18 
 
10 Obese 
 
Overweight 
 
Healthy weight 
58 
 
59 
 
320 
13.27 
 
13.50 
 
73.23 
 
11 Obese 
 
Overweight 
 
Healthy weight 
77 
 
66 
 
314 
16.85 
 
14.44 
 
68.71 
 
12 Obese 
 
Overweight 
 
Healthy weight 
72 
 
75 
 
313 
 
15.65 
 
16.30 
 
68.04 
13 Obese 
 
Overweight 
 
Healthy weight 
56 
 
60 
 
277 
 
14.25 
 
15.27 
 
70.48 
14 Obese 
 
Overweight 
 
Healthy weight 
 
43 
 
50 
 
256 
12.32 
 
14.33 
 
73.35 
15 Obese 
 
Overweight 
 
Healthy weight 
55 
 
56 
 
310 
13.06 
 
13.30 
 
73.63 
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Table 21 
 
Descriptive Statistics for Males’ Body Mass Index Weight Categories  
 
 
Age 
 
Weight Category 
 
n 
 
% 
 
 
9 
 
Obese 
 
Overweight 
 
Healthy weight 
 
89 
 
71 
 
290 
 
19.78 
 
15.78 
 
64.44 
 
10 Obese 
 
Overweight 
 
Healthy weight 
80 
 
65 
 
300 
17.98 
 
14.61 
 
67.42 
 
11 Obese 
 
Overweight 
 
Healthy weight 
104 
 
73 
 
289 
22.32 
 
15.67 
 
62.02 
 
12 Obese 
 
Overweight 
 
Healthy weight 
95 
 
70 
 
284 
 
21.16 
 
15.59 
 
63.25 
13 Obese 
 
Overweight 
 
Healthy weight 
86 
 
59 
 
263 
 
21.08 
 
14.46 
 
64.46 
14 Obese 
 
Overweight 
 
Healthy weight 
 
77 
 
58 
 
257 
19.64 
 
14.80 
 
65.56 
15 Obese 
 
Overweight 
 
Healthy weight 
78 
 
78 
 
262 
18.66 
 
18.66 
 
62.68 
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Table 22 
 
Descriptive Statistics for Physical Activity 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
 
 
 
 
SD 
 
 
 
 
N 
 
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
LL 
 
 
UL 
 
9        180.92 
 
180.29 
 
49.19 
 
839 
 
 
33.20 
 
374.80 
 
177.59 
 
184.25 
11      122.94 118.93 39.97 850 
 
11.75 324.75 120.25 125.63 
12      95.84 93.93 36.36 696 
 
5.25 250.00 93.14 98.55 
15      47.40 42.43 28.70 602 5.5 209.83 
 
45.90 49.69 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. 
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Table 23 
 
Descriptive Statistics for Reading Achievement 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
 
 
 
 
SD 
 
 
 
 
N 
 
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
 
LL 
 
 
UL 
 
9 
 
494.60 
 
497.00 
 
15.75 
 
1011 
 
 
393.00 
 
530.00 
 
493.63 
 
495.57 
11       507.63 510.00 14.12 993 
 
396.00 546.00 506.75 508.51 
15       520.36 521.00 12.45 887 
 
446.00 554.00 
 
519.54 521.19 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. 
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Table 24 
 
Descriptive Statistics for Math Achievement 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
 
 
 
 
SD 
 
 
 
 
N 
 
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
 
LL 
 
UL 
 
 
9       
 
492.70 
 
496.00 
 
12.76 
 
1012 
 
 
404.00 
 
532.00 
 
492.71 
 
494.28 
11       510.53 511.00 13.04 993 
 
418.00 554.00 509.72 511.35 
15       524.57 522.00 16.77 887 
 
444.00 591.00 
 
523.46 525.67 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. 
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Table 25 
 
Descriptive Statistics for Body Mass Index 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
 
 
 
 
SD 
 
 
 
 
N 
 
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
 
LL 
 
UL 
 
 
9        18.42 
 
17.43 
 
3.74 
 
938 
 
 
11.11 
 
39.38 
 
18.18 
 
18.66 
10      18.81 17.76 4.03 882 
 
12.97 46.73 18.55 19.08 
11       20.11 18.67 4.71 929 
 
13.59 53.12 19.81 20.41 
12       20.85 19.38 4.95 917 
 
11.60 49.77 20.53 21.17 
13       21.38 19.80 5.14 801 13.62 46.31 21.03 21.74 
14       22.02 20.52 5.14 741 13.53 51.35 21.65 22.39 
15       23.09 21.70 5.17 844 14.82 55.23 
 
22.74 23.44 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. 
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Table 26 
 
Mean Physical Activity by Age: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
 
9 
 
11  
 
 
12  
 
 
15  
 
 
9 
 
181.30 
  
37.87 
 
47.02 
 
73.93 
 
11 122.34   17.27 50.67 
 
12 95.51    31.41 
 
15 46.98   
 
  
 
 
Note. The df at each age = 1031. 
All t-test differences are significant at p < .0001.2 
 
                                                            
2 The Akaike Information Criterion (AIC) indicated that Unstructured was the best fit for the 
error variance covariance analysis of all continuous variables. 
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Table 27 
 
Mean Body Mass Index by Age: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
  
    M 
 
9      10  
 
 
   11  
 
 
     12  
 
 
13  
 
 
14  
 
 
15  
 
 
9 
  
18.40 
 
      -10.39 
 
 -29.53 
  
-34.86 
 
-38.68 
 
-43.86 
 
 
-49.40 
 
10  18.82   -23.96  -30.24 -36.15 -41.76 
 
-46.97 
 
11  20.11    -14.29 -21.85 -29.76 
 
-35.33 
 
12  20.82     -11.47 -21.02 
 
-27.51 
 
13  21.39      -15.58 
 
-22.66 
 
14  22.23       -13.98 
 
15  23.22        
 
 
Note. The df at each age = 1063. 
All t-test differences are significant at p < .0001. 
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Table 28 
 
Mean Body Mass Index by Gender and Age 
 
 
 
 
 
Age 
 
M 
 
 
 
 
 
F 
 
 
Females 
 
Males 
 
9 
 
18.60             
 
18.20 
 
1.71† 
 
10 
 
19.00                       
 
18.64
 
1.41 
 
11 
 
20.30                       
 
19.90
 
1.39 
 
12 
 
20.94                       
 
20.68
 
0.83 
 
13 
 
21.39                       
 
21.38
 
0.03 
 
14 
 
22.22                       
 
22.26
 
-0.10 
 
15 
 
23.36                       
 
23.11
 
0.73 
 
 
Note. The df at each age = 1038. 
†p < .10.  *p < .05.  **p < .01.  ***p < .0001. 
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Table 29 
 
The Odds of Obese as a Function of Age: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
OR 
 
9 
 
10 
 
 
11 
 
 
12 
 
 
13 
 
 
14 
 
 
15 
 
 
9 
 
0.20 
  
1.02 
 
-3.74** 
 
-1.95 
 
-1.48 
 
-0.32 
 
-0.06 
 
10 0.19   -4.94*** -2.76** -2.28 -1.05 -0.71 
 
11 0.24    2.07 2.48 3.15** 2.94† 
 
12 0.22     0.53 1.61 1.57 
 
13 0.21      1.26 1.21 
14 0.20       0.26 
15 0.20        
 
 
Note. OR = odds ratio. The df at each age = 1038. 
†p < .10.  *p < .05.  **p < .01.  ***p < .0001.3 
 
 
 
 
 
                                                            
3 The Akaike Information Criterion (AIC) of the Generalized Linear Mixed Model (GLMM) with a logistic link function indicated 
that Toeplitz was the best fit for the error variance covariance analysis of the obese weight category while Unstructured was the best 
fit for the error variance covariance analysis of the overweight and healthy weight categories.   
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Table 30 
 
The Odds of Overweight as a Function of Age: Post-Hoc T-Tests of Mean Differences  
 
 
Age 
 
OR 
 
 9 
 
10 
 
 
11 
 
 
12 
 
 
13 
 
 
14 
 
 
15 
 
 
9 
 
0.18 
  
1.52 
 
0.10 
 
-0.59 
 
0.23 
 
-25.62*** 
 
-26.18*** 
 
10 0.15   -1.27 -1.90 -1.01 -25.08*** -25.76*** 
 
11 0.17    -0.80 0.15 -26.57*** -26.52*** 
 
12 0.19     1.02 -26.29*** -25.78*** 
 
13 0.17      -26.31*** -25.44*** 
14 5.26       -0.09 
15 5.29        
 
 
Note. OR = odds ratio. The df at each age = 1063.  
†p < .10.  *p < .05.  **p < .01.  ***p < .0001. 
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Table 31 
 
The Odds of Healthy Weight as a Function of Age: Post-Hoc T-Tests of Mean Differences  
 
 
Age 
 
OR 
 
9 
 
10 
 
 
11 
 
 
12 
 
 
13 
 
 
14 
 
 
15 
 
 
9 
 
2.14 
  
-2.85† 
 
2.65 
 
2.07 
 
0.84 
 
0.71 
 
0.55 
 
10 2.43   5.19*** 4.47** 3.14* 3.1** 2.59 
 
11 1.88    -0.55 -1.76 -1.79 -1.67 
 
12 1.92     -1.59 -1.54 -1.34 
 
13 2.04      -0.14 -0.19 
14 2.06       -0.09 
15 2.07        
 
 
Note. OR = odds ratio. The df at each age = 1038. 
†p < .10.  *p < .05.  **p < .01.  ***p < .0001. 
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Table 32 
 
Descriptive Statistics for Executive Functioning 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
 
 
 
 
SD 
 
 
 
 
N 
 
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
 
LL 
 
UL 
 
 
9 
 
5.39E-9 
 
0.24 
 
1.00 
 
1011 
 
 
-2.23 
 
2.32 
 
-0.06 
 
0.06 
11 -4.05E-9 0.15 1.04 1002 
 
-3.00 1.72 -0.06 0.06 
15 -2.03E-9 0.14 1.00 932 -3.13 3.41 
 
-0.06 0.06 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. 
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Table 33 
 
Descriptive Statistics for Concentration 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
 
 
 
 
SD 
 
 
 
 
N 
 
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
 
LL 
 
UL 
 
 
9 
 
53.99 
 
51.00 
 
6.30 
 
1026 
 
 
50.00 
 
95.00 
 
53.60 
 
54.37 
11 53.62 50.00 6.14 1017 
 
50.00 88.00 53.25 54.00 
12 53.38 50.00 5.64 1022 
 
50.00 84.00 53.03 53.73 
15 53.11 50.00 5.51 973 50.00 84.00 
 
52.76 53.46 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. 
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Table 34 
 
Mean Concentration by Age: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
 
  9 
 
11 
 
 
12 
 
 
15 
 
 
9 
 
54.10 
  
2.54† 
 
4.24*** 
 
5.16*** 
 
11 53.70   2.03 3.25** 
 
12 53.42    1.88 
 
15 53.14     
 
 
Note: The df at each age = 1089. 
†p < .10.  *p < .05.  **p < .01.  ***p < .0001. 
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Table 35 
 
Descriptive Statistics for Internalizing Symptoms 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
 
 
 
 
SD 
 
 
 
 
N 
 
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
 
LL 
 
UL 
 
 
11       
 
0.76 
 
1.00 
 
0.83 
 
1019 
 
 
0 
 
3.87 
 
0.71 
 
0.82 
12       0.80 1.00 0.87 1011 
 
0 4.36 0.75 0.86 
15       1.03 1.00 0.98 957 
 
0 4.24 
 
0.96 1.09 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. A square root transformation was used to 
normalize the distribution. 
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Table 36 
 
Mean Internalizing Symptoms by Age: Post-Hoc T-Tests of Mean Differences 
 
 
 Age 
 
M 
 
    11 
 
 
12 
 
 
15 
 
 
11 
 
0.76 
  
-1.22 
 
-7.36*** 
 
12 0.80   -6.62*** 
 
15 1.02    
 
 
Note: The df at each age = 1054. A square root transformation was used to normalize the 
distribution. 
†p < .10.  *p < .05.  **p < .01.  ***p < .0001. 
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Table 37 
 
Mean Reading Achievement by Age: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
 
9 
 
 
11 
 
 
15 
 
 
9 
 
494.52 
  
-56.51 
 
-67.56 
 
11 507.65   -37.07 
 
15 520.29    
 
 
Note: The df at each age = 1079. 
All t-test differences are significant at p < .0001. 
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Table 38 
 
Mean Math Achievement by Age: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
 
9 
 
 
11 
 
 
15 
 
 
9 
 
493.41 
  
-64.13 
 
-73.96 
 
11 510.67   -36.39 
 
15 524.36    
 
 
Note. The df at each age = 1079. 
All t-test differences are significant at p < .0001. 
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Table 39 
 
Descriptive Statistics for Socioeconomic Status Categorical Based on Income-to-Needs Ratio  
 
 
Age 
 
Categorical 
 
n 
 
% 
 
 
9 
 
Poor 
 
Near Poor 
 
Not Poor 
 
71 
 
118 
 
748 
 
7.58 
 
12.59 
 
79.83 
 
10 Poor 
 
Near Poor 
 
Not Poor 
83 
 
110 
 
756 
8.75 
 
11.59 
 
79.66 
 
11 Poor 
 
Near Poor 
 
Not Poor 
82 
 
133 
 
759 
8.42 
 
13.66 
 
77.93 
 
12 Poor 
 
Near Poor 
 
Not Poor 
80 
 
114 
 
751 
 
8.47 
 
12.06 
 
79.47 
15 Poor 
 
Near Poor 
 
Not Poor 
68 
 
125 
 
725 
7.41 
 
13.62 
 
78.98 
 
 
 
 
 
 
 
  
  
  
133 
Table 40 
 
Descriptive Statistics for Socioeconomic Status 
 
 
 
 
 
Age 
 
 
 
 
M 
 
 
 
 
Median 
  
 
 
 
Minimum 
 
 
 
 
Maximum 
 
95% CI 
 
 
SD 
 
N 
 
LL 
 
UL 
  
 
9 
 
4.39 
 
3.27 
 
3.77 
 
982 
 
0.09 
 
26.64 
 
4.16 
 
4.63 
 
10 
 
4.50 
 
3.43 
 
3.88 
 
985 
 
0.07 
 
32.47 
 
4.26 
 
4.74 
 
11 
 
4.53 
 
3.44 
 
4.06 
 
996 
 
0.11 
 
28.67 
 
4.28 
 
4.79 
 
12 
 
4.54 
 
3.49 
 
4.15 
 
979 
 
0.11 
 
39.59 
 
4.28 
 
4.80 
 
15 
 
5.26 
 
3.79 
 
5.79 
 
924 
 
0.07 
 
63.55 
 
4.89 
 
5.63 
 
 
Note. SD = standard deviation; CI = confidence interval; LL = lower limit; UL = upper limit. A log transformation was used to 
normalize the distribution. 
 
 
 
  
  134 
  
Table 41 
 
Mean Socioeconomic Status by Age: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
 
9 
 
10  
 
 
11  
 
 
12  
 
 
15 
 
 
9 
 
1.16 
  
-1.53 
 
-2.50† 
 
-3.12* 
 
-5.21*** 
 
10 1.17   -1.45 -2.05* -4.44*** 
11 1.19    -0.97 -3.53** 
12 1.20     -3.04** 
15 1.26   
 
   
 
Note: The df at each age = 1084. A log transformation was used to normalize the distribution. 
†p < .10.  *p < .05.  **p < .01.  ***p < .0001. 
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Table 42 
 
Descriptive Statistics for Socioeconomic Status Categorical and Body Mass Index Weight 
Categories by Age 
 
 
Age 
 
SES Categorical 
 
BMI Weight Category 
 
n 
 
% 
 
 
9 
 
Poor 
 
 
 
 
 
Near Poor 
 
 
 
 
 
Not Poor 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
 
12 
 
12 
 
36 
 
21 
 
14 
 
71 
 
94 
 
98 
 
471 
 
20.00 
 
20.00 
 
60.00 
 
19.81 
 
13.21 
 
66.98 
 
14.18 
 
14.78 
 
71.04 
10 Poor 
 
 
 
 
 
Near Poor 
 
 
 
 
 
Not Poor 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
21 
 
9 
 
39 
 
22 
 
18 
 
74 
 
83 
 
83 
 
464 
30.43 
 
13.04 
 
56.52 
 
19.30 
 
15.79 
 
64.91 
 
13.17 
 
13.17 
 
73.65 
11 Poor Obese 23 31.94 
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Table 42 Cont’d  
 
 
 
 
 
Near Poor 
 
 
 
 
 
Not Poor 
 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
 
 
11 
 
38 
 
32 
 
16 
 
57 
 
109 
 
96 
 
454 
 
 
15.28 
 
52.78 
 
30.48 
 
15.24 
 
54.29 
 
16.54 
 
14.57 
 
68.89 
12 Poor 
 
 
 
 
 
Near Poor 
 
 
 
 
 
Not Poor 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
14 
 
13 
 
27 
 
35 
 
19 
 
61 
 
91 
 
87 
 
463 
25.93 
 
24.07 
 
50.00 
 
30.43 
 
16.52 
 
53.04 
 
14.20 
 
13.57 
 
72.23 
15  
 
 
 
 
 
 
 
 
 
Poor 
 
 
 
 
 
Near Poor 
 
 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
Obese 
 
Overweight  
 
18 
 
10 
 
27 
 
32 
 
21 
 
32.73 
 
18.18 
 
49.09 
 
28.57 
 
18.75 
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Table 42 Cont’d  
 
 
 
Not Poor 
 
 
Healthy Weight 
 
Obese 
 
Overweight  
 
Healthy Weight 
 
 
 
59 
 
70 
 
94 
 
451 
 
 
52.68 
 
11.38 
 
15.28 
 
73.33 
 
Note. SES = socioeconomic status; BMI = body mass index. 
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Table 43 
 
Mean Body Mass Index by Age and Socioeconomic Status Continuous Based on Income-to-
Needs Ratio at 2 S.D. Above Mean: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
 
9 
 
11 
 
 
12 
 
 
15 
 
 
9 
 
18.54 
  
-7.42 
 
-9.60 
 
-11.57 
 
11 19.76   -4.22 -7.63 
 
12 20.33    -5.35 
 
15 21.72     
 
 
Note. The df at each age = 948. 
All t-test differences are significant at p < .0001. 
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Table 44 
 
Mean Body Mass Index by Age and Socioeconomic Status Continuous Based on Income-to-
Needs Ratio at 1 S.D. Above Mean: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
 
9     11 
 
 
12 
 
 
15 
 
 
9 
 
18.62 
 
-11.95  
 
-14.52 
 
-19.09 
 
11 19.94  -7.02 -14.53 
 
12 20.53   -10.73 
 
15 22.28    
 
 
Note. The df at each age = 948. 
All t-test differences are significant at p < .0001. 
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Table 45 
 
Mean Body Mass Index by Age and Socioeconomic Status Continuous Based on Income-to-
Needs Ratio at 1 S.D. Below Mean: Post-Hoc T-Tests of Mean Differences 
 
 
Age 
 
M 
    
 9       11 
 
12 
 
 
 
 
 
15 
 
 
9 
 
 
18.76 
 
 
 
-13.53  
 
-16.37 
 
-20.63 
 
11 20.28   -6.84 -15.64 
 
12 20.94    -12.59 
 
15 23.41     
 
 
Note. The df at each age = 948. 
All t-test differences are significant at p < .0001. 
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Table 46 
 
Mean Body Mass Index by Age and Socioeconomic Status Continuous Based on Income-to-
Needs Ratio at 2 S.D. Below Mean: Post-Hoc T-Tests of Mean Differences 
 
 
 
Note. The df at each age = 948. 
All t-test differences are significant at p < .0001. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Age 
  
M 
    
 9 
  
11 
 
 
12 
 
 
15 
 
 
9 
 
  
18.83 
 
 
 
-9.76  
 
-12.31 
 
-16.03 
 
11  20.46   -4.58 -11.50 
 
12  21.14    -9.40 
 
15  23.98     
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Table 47 
 
Mean Body Mass Index by Socioeconomic Status Categorical and Age: Post-Hoc T-Tests of 
Mean Differences 
 
 
Age 
 
M 
 
SES Categorical 
 
     Poor 
      
 
Near Poor 
 
 
Not Poor 
 
 
9 
 
18.63 
 
18.62 
 
18.69 
 
 
Poor 
 
Near Poor 
 
Not Poor 
  
0.05 
 
 
 
 
 
-0.28 
 
-0.43 
 
11 
 
20.29 
 
20.23 
 
20.07 
 
Poor 
 
Near Poor 
 
Not Poor 
  
0.23 
 
 
 
 
 
0.82 
 
0.79 
 
 
12 
 
 
21.25 
 
20.63 
 
20.69 
 
 
Poor 
 
Near Poor 
 
Not Poor 
  
 
2.02 
 
 
 
 
 
 
2.01 
 
-0.25 
 
 
15 
 
 
24.49 
 
23.46 
 
22.54 
 
 
 
Poor 
 
Near Poor 
 
Not Poor 
  
 
1.53 
 
 
 
 
 
 
3.38* 
 
2.31 
 
Note. SES = socioeconomic status. The df at each age = 943. 
†p < .10.  *p < .05.  **p < .01.  ***p < .0001. 
 
 
 
 
 
 
 
  
  
  
143 
 
 
Figure 1. Proposed mediational model of gender and socioeconomic status (SES) predicting childhood obesity, indexed by physical 
activity (PA) and body mass index (BMI), cognitive and emotional processes, and academic achievement.  In this model, males are 
coded as 0 and females are coded as 1.  Paths for gender are not lettered because they do not have separate sections of the literature 
review.
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Figure 2. Gender differences in body mass index (BMI) from ages 9 to 15.
18 
19 
20 
21 
22 
23 
24 
9 10 11 12 13 14 15 
M
ea
n 
B
M
I 
Age in Years 
Female 
Male 
  
  
  
 145 
 
 
 
Figure 3. Mediational model of physical activity (PA) and body mass index (BMI) predicting reading achievement.  Path coefficients 
are followed by standard errors in parentheses.  All paths are significant at p < .05 except the path from BMI to concentration which 
was marginally significant at p = .08.
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Figure 4. Mediational model of physical activity (PA) and body mass index (BMI) predicting math achievement.  Path coefficients are 
followed by standard errors in parentheses.  All paths are significant at p < .05 except BMI to concentration which was marginally 
significant at p = .08. 
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Figure 5. Mediational model of physical activity (PA) and body mass index (BMI) predicting academic achievement in reading and 
math.  Path coefficients are followed by standard errors in parentheses.  All paths are significant at p < .05 except the path from BMI 
to concentration which was marginally significant at p = .08. 
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Figure 6. Integrated model of socioeconomic status (SES) and gender predicting academic achievement in reading and math through 
physical activity (PA), body mass index (BMI), and additional mediators.  In this model, males are coded as 0 and females are coded 
as 1.  Path coefficients are followed by standard errors in parentheses.  Gray lines represent the interaction between SES and ages 9, 
11, 12, and 15 predicting BMI.  All paths are significant at p < .05 except the path from BMI to concentration which was marginally 
significant at p = .08.
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Appendix 
 
Appendix A: Physical Activity Monitor  
 
 
 Each year, physical activity monitors were delivered to children's homes by a research 
assistant who spent 10-15 minutes with the mother and child demonstrating how the child should 
wear the monitor and reviewing an "Instructions for the Physical Activity Monitor (CSA)" 
booklet and collected one week later.  The monitor was not worn at night when sleeping or 
during showering/bathing, water related activities, or high impact sports.  Data on the actual 
accelerations, or movements, of participants were collected for seven consecutive days (five 
weekdays and two weekend days) between January and June at ages 9, 11, 12, and 15.  A 
complete day of activity monitor data is defined as extending from the first nonzero 
accelerometer count after 5 a.m. until one of the following criteria is met: (a) 60 consecutive 
minutes of zero counts after 9 p.m.; (b) 30 consecutive minutes of zero counts after 10 p.m.; or 
(c) the last nonzero count prior to midnight, whichever came first.   
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Appendix B: Tower of Hanoi  
 
B1: Sketch of Stimuli 
 
Source: United States Department of Health Human Services. National Institutes of Health. 
Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD). 
(2010a). NICHD Study of Early Child Care and Youth Development: Phase III, 2000-2004 
[United States]. 
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B2: Ring Configurations 
 
 
Source: United States Department of Health Human Services. National Institutes of Health. 
Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD). 
(2010a). NICHD Study of Early Child Care and Youth Development: Phase III, 2000-2004 
[United States].  
 
 
 
 
The NICHD Study of Child and Youth Development Page A-1
Chapter 52.7   2/03/00
APPENDIX A:  INITIAL RING CONFIGURATIONS
Ring configurations are given from the perspective of the VC and the camera.  They are in the
reverse order from the child’s point of view.  For example, the goal tower is on the child’s right.
(L = large; M = medium; S = small; T = tiny).
PRACTICE
2 Rings
            M
Goal        L                
                          M
3 Move                    L  
TEST
3 Rings 4 Rings
            T
            S             S
            M             M
Goal   L                  Goal        L                
                   T       
              S 
5 Move      S      M      L  7 Move      L      M         
 M             T             
6 Move      S             L  11 Move     S      M      L   
 T
 S                           S
                          M                           M
7 Move                    L  15 Move                   L   
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Appendix C: Concentration Scale 
 
 
Source:  
Stormshak, E. A., & Bierman, K. L. (1998). The implications of different developmental patterns 
 of disruptive behavior problems for school adjustment. Conduct Problems Prevention 
 Research Group. Development and Psychopathology, 10(3), 451-467. 
 
 
Items: 
 
1. “Acts too young for his/her age now or within the last 6 months.” 
 
 Scaling: 0 = Not True (as far as you know), 2 = Very True or Often True 
 
2. “Can't concentrate, can’t pay attention for long now or within the last 6 months.” 
 
 Scaling: 0 = Not True (as far as you know), 2 = Very True or Often True 
 
3. “Daydreams or gets lost in his/her thoughts now or within the last 6 months.” 
 
 Scaling: 0 = Not True (as far as you know), 2 = Very True or Often True 
 
4. “Confused or seems to be in a fog now or within the last 6 months.” 
 
 Scaling: 0 = Not True (as far as you know), 2 = Very True or Often True 
 
5. “Poor school work now or within the last 6 months.” 
 
 Scaling: 0 = Not True (as far as you know), 2 = Very True or Often True 
 
6. “Stares blankly now or within the last 6 months.” 
 
 Scaling: 0 = Not True (as far as you know), 2 = Very True or Often True 
  
 
 
Scoring: The six items derived from the CBCL were summed to create a concentration scale.  
Higher scores indicate greater difficulty concentrating/paying attention.  
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Appendix D: Internalizing Symptoms Scale 
 
 
Source: Kovacs, M. (1992). Children’s Depression Inventory- Short Form. North Tonawanda, 
NY: Multi-Health Systems. 
 
 
Item 1: 
“I am sad once in a while.” (0 = Normative behavior) 
“I am sad many times.” (1 = Middle statement) 
“I am sad all the time.” (2 = Depressive symptom) 
 
Item 2:  
“Things will work for me O.K.” (0 = Normative behavior) 
 “I am not sure if things will work out for me.” (1 = Middle statement) 
 “Nothing will ever work out for me.” (2 = Depressive symptom) 
 
Item 3:  
“I do most things O.K.” (0 = Normative behavior) 
“I do many things wrong.” (1 = Middle statement) 
“I do everything wrong.” (2 = Depressive symptom) 
 
Item 4: 
“I like myself.” (0 = Normative behavior) 
“I do not like myself.” (1 = Middle statement) 
“I hate myself.” (2 = Depressive symptom) 
 
Item 5: 
“I feel like crying once in a while.” (0 = Normative behavior) 
“I feel like crying many days.” (1 = Middle statement) 
“I feel like crying everyday.” (2 = Depressive symptom) 
 
Item 6: 
“Things both me once in a while.” (0 = Normative behavior) 
“Things both me many times.” (1 = Middle statement) 
“Things both me all the time.” (2 = Depressive symptom) 
 
Item 7: 
“I look O.K.” (0 = Normative behavior) 
“There are some bad things about my looks.” (1 = Middle statement) 
 “I look ugly.” (2 = Depressive symptom) 
 
Item 8: 
“I do not feel alone.” (0 = Normative behavior) 
“I feel alone many times.” (1 = Middle statement) 
“I feel alone all the time.” (2 = Depressive symptom) 
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Appendix D Cont’d 
 
 
Item 9: 
“I have plenty of friends.” (0 = Normative behavior) 
“I have some friends but I wish I had more.” (1 = Middle statement) 
“I do not have any friends.” (2 = Depressive symptom) 
 
Item 10: 
“I am sure that somebody loves me.” (0 = Normative behavior) 
“I am not sure if anybody loves me.” (1 = Middle statement) 
“Nobody really loves me.” (2 = Depressive symptom) 
 
 
Scoring:  Items were scored 0 to 2 scale where 0 = Normative behavior, 1 = Middle statement, 
and 2 = Depressive symptom.  Scores were summed with higher scores indicating more 
internalizing symptoms.   
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Appendix E: Woodcock-Johnson Psycho-Educational Battery – Revised   
 
 
 The test items were arranged in order of difficulty, with the easiest item presented first 
and the most difficult item last.  Because the WJ-R contained items spanning a wide range of 
difficulty, a number of items on the Achievement (ACH) subtests were beyond a given child’s 
operating range.  The operating range was the set of consecutive items below which the child had 
essentially a 100% chance of responding correctly to all items (the basal level) and above which 
the child had essentially a 0% chance of responding correctly to any items (the ceiling level).  
The purpose of basal and ceiling rules was to limit the span of items administered but still be 
able to estimate, with high probability, the score that would have been obtained if every item in a 
test were administered.   
With the exception of subtest Memory for Sentences, each item was scored with 1 
(correct response) or 0 (incorrect or no response) points; Memory for Sentences was scored with 
2 (superior response), 1 (standard response), or 0 (inadequate response) points.     
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Appendix F: SES Categorical Level Based on Income-to-Needs Ratio 
 
 
Source: Citro, C. F., & Michael, R. T. (1995). Measuring Poverty: A New Approach. 
Washington, DC: National Academy Press. 
 
 
 
SES Categorical 
  
Income-to-Needs Ratio 
 
 
Poor               
 
< 1.0 
 
Near Poor            
 
1.1 to 1.9 
 
Not Poor             
 
> 2.0 
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Appendix G: BMI Cut-Off Points for Children 
 
 
Appendix G1: BMI Cut-Off Points for Females  
 
 
Source:  
Centers for Disease Control and Prevention (CDC). (2011). About BMI for Children and Teens.  Retrieved from 
cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html 
 
 
 
Age 
 
Healthy Weight BMI Values 
(5th to less than 85th percentile) 
 
Overweight BMI Values 
(85th to less than 95th percentile) 
 
Obese BMI Values 
(equal to or greater than 95th percentile) 
 
 
9 
 
13.72 to 19.04 
 
19.05 to 21.71 
 
> 21.72 
 
10 14.00 to 19.90 19.91 to 22.88 > 22.89 
11 14.37 to 20.79 20.80 to 24.04 > 24.05 
12 14.79 to 21.66 21.67 to 25.16 > 25.17 
13 15.27 to 22.50 22.51 to 26.21 > 26.22 
14 15.77 to 23.28 23.29 to 27.17 > 27.18 
15 16.27 to 23.98 23.99 to 28.04 > 28.05 
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Appendix G2: BMI Cut-Off Points for Males  
 
 
Source:  
Centers for Disease Control and Prevention (CDC). (2011). About BMI for Children and Teens.  Retrieved from 
cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html 
 
 
 
Age 
 
Healthy Weight BMI Values 
(5th to less than 85th percentile) 
 
Overweight BMI Values 
(85th to less than 95th percentile) 
 
Obese BMI Values 
(equal to or greater than 95th percentile) 
 
 
9 
 
13.95 to 18.56 
 
18.57 to 20.99 
 
> 21.00 
 
10 14.19 to 19.31 19.32 to 22.05 > 22.06 
11 14.53 to 20.12 20.13 to 23.12 > 23.13 
12 14.94 to 20.94 20.95 to 24.14 > 24.15 
13 15.42 to 21.77 21.78 to 25.00 > 25.10 
14 15.94 to 22.58 22.59 to 25.96 > 25.97 
15 16.05 to 23.38 23.39 to 26.76 > 26.77 
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